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ABSTRACT 
Estimation of dietary iron bioavailability and determination 
of dietary iron intake were evaluated from 24-hour food records of 
224 adolescents in eastern Tennessee. Total daily iron intakes, 16.1 
mg for males and 11.1 mg for females, were below the Recommended Dietary 
Allowances (RDA). Application of the Monsen and Balintfy model to 
estimate iron bioavailability showed that absorbable iron from males' 
diets, 1.38 mg, and from females' diets, 0.91 mg, was below recom­
mended levels. Percentages of bioavailable iron were below the 
assumed 10% absorption level,· a criterion used in establishing the 
RDA for iron. Thus, total dietary iron was inadequate for males 
and females as indicated by both measures. 
Patterns of iron bioavailability differed among eating occa­
sions but were similar for males and females. Although intakes of 
the enhancing factor, ascorbic acid, were high at breakfast, the 
meal was lowest in total iron, percentages of bioavailable iron, 
and amounts of absorbable iron compared with other meals. The 
nutrient density of ascorbic acid and iron of lunch meals of adoles­
cents did not meet recommended levels, but more meat, fish, and 
poultry foods were consumed at lunch than at breakfast. In compar­
ison to other meals, evening meal patterns were highest in meat, 
fish, and poultry; total iron; total amounts of enhancing factors; 
amounts of absorbable iron; and percentages of bioavailable iron. 
Dietary patterns of adolescent males at the evening meal approached 
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desirable patterns to maximize iron bioavailability. Intakes of 
iron and absorbable amounts of iron in adolescent females' diets 
were less than in males' diets and were inadequate. 
Snacks, which were consumed frequently by adolescents, con­
tributed substantial amounts of food energy but were low in total 
iron, absorbable iron, and bioavailable iron. The inclusion of 
ascorbic acid sources and animal tissue·foods, enhancers of iron 
bioavailability, were low in snacks. 
Further evaluation of dietary patterns of adolescents shows 
that some males and females exhibited patterns that contributed to 
desirable levels of absorbable iron. Ascorbic acid and meat, fish, 
and poultry foods were high in their diets. Mean iron intakes of 
adolescent males and females in this group exceeded or approached 
the RDA. 
Adolescents whose iron intakes were inadequate may not be able 
to significantly improve iron adequacy through enhancement of iron 
absorption. They need to increase consumption of iron as well as 
enhancing factors. Application of the model to estimate iron bio­
availability was useful in identifying patterns contributing to iron 
bioavailability. 
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CHAPTER I 
INTRODUCTION 
Iron deficiency is considered to be the most conman nutritional 
deficiency in the world, affecting 10-20% of the population (1). 
Factors contributing to iron deficiency include dietary inadequacy, 
extreme blood loss, and periods of high requirements due to acceler­
ated growth, such as in early infancy, adolescence, and pregnancy. 
An adequate intake of iron is difficult to achieve, especially 
during periods when requirements are high. In addition, absorption 
of dietary iron does not occur readily. Composition of the diet, 
the amount of stored iron, and the condition of the intestinal mucosa 
detennine the quantity of iron that is absorbed. Recent evidence 
indicates that the total iron content of the diet is not an accurate 
means of expressing dietary iron adequacy (2). Detennination of the 
bioavailability of dietary iron, which is highly dependent on certain 
other dietary factors, is a useful indicator of dietary iron status. 
Dietary factors affecting iron absorption include both enhancing and 
inhibiting factors. 
Adolescents may be nutritionally at risk for iron because of 
their dietary habits. Males, who need more energy than females, 
generally consume food sufficient for the provision of adequate 
dietary iron, but females, who need less energy than males, find it 
difficult to meet their iron needs through food selection. In addi­
tion, adolescents frequently consume fast food meals, skip meals, 
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or replace meals with snacks, habits that contribute to diets of poor 
quality. Identification of adolescents' dietary habits leading to 
enhancement or inhibition of dietary iron absorption may be a useful 
tool in providing recommendations to improve their iron nutriture. 
The purpose of this study was to describe the availability of 
dietary iron in adolescents' diets by comparing two methods of cal­
culating dietary iron: total iron values calculated from tables of 
food composition and bioavailability of that iron calculated in re­
lation to eating patterns. Adolescents' eating patterns were 
analyzed to identify patterns that were characteristic of high iron 
bioavailability. Dietary patterns consistent with adequate iron 
intakes, as indicated by the calculated amounts of absorbable iron, 
were described. 
Growth 
CHAPTER II 
REVIEW OF LITERATURE 
Adolescent Nutriture 
Adolescence is a period of rapid growth beginning between the 
ages of 8-10 years and ending at the ages of 14-16 (3). This period 
is marked �Y physiological changes associated with increases in 
skeletal and muscle mass and blood volume. Average yearly increases 
in body mass for adolescent males, around 4. 6 kg, are higher than for 
adolescent females at 4. 0 kg (4). In addition to growth variability 
between sexes, there exists growth variability among individuals. 
To account for this variability, biological age rather than chrono­
logical age should be considered when assessing growth. Biological 
age is a function of maturity level based on the development of 
secondary sex characteristics. The use of a sex maturity level for 
adolescents is considered to be a more significant rationale in re­
lating nutritional needs to growth than the use of chronological age 
but has not been effectively employed in defining nutrient recommenda­
tions for adolescents. Physical examination and identification of 
secondary sex characteristics are necessary in assigning a sex 
maturity level to an individual and thus may not be appropriate for 
large population studies. As of yet, limited data are available on 
adolescent nutrient requirements according to biological age. 
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Dietary Patterns 
Environmental factors of family structure, peer groups, social 
systems, and the corrmunity have a great impact on adolescents' health 
status because these factors influence adolescents' behavior. Re­
searchers have attempted to correlate adolescents' food-related 
behaviors with the biological, psychological, and social transitions 
occurring at this time (5-7). By way of food habits, some adoles­
cents express their desire to establish an identity. Adolescents may 
express their desire for independence by adopting eating patterns 
associated with rapid loss or gain of weight; by overconsumption of 
fast foods, snacks, or alcohol; or by selecting unconventional meals 
(8). 
Adolescents have been reported to frequently consume between­
meal snacks and omit meals. Huenemann et al. (9) found that adoles­
cents' food patterns ranged from regular consumption of meals and 
snacks to irregular patterns of great variability. The breakfast 
meal was one that was frequently skipped by adolescents but was an 
important meal for the consumption of key nutrients (9-11). The 
evening meal was the most frequently consumed meal and contributed 
significant amounts of food energy and nutrients to the diet (9,12). 
Thomas and Call (13) reported that about 23% of the total daily 
kilocaloric intake for adolescents was obtained from between-meal 
foods but adequacy of nutrients such as calcium, vitamin A, and iron 
was below the standard dietary distribution of these nutrients. 
Nutrient intakes per 100 kcal for protein, riboflavin, and ascorbic 
acid in snack foods were above the recommended allowances (13). 
Hruban (14) discovered that teenagers tended to select nutritious 
snacks when given a variety of nutritious snacks but tended not to 
select nutritious snack items when provided with a combination of 
nutritious and less nutritious snacks. It has been recommended that 
nutritious snacks be provided for teenagers to encourage consumption 
of an adequate diet (13-15). 
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Americans' consumption of fast food items as either meals or 
snacks also has greatly increased in recent years.· Evaluation of 
fast-food meal combinations has indicated that they are low in vitamin 
A, ascorbic acid, and calcium and sometimes provided less than one­
third of the U. S. Recommended Daily Allowances (U. S. RDA) for iron, 
thiamin, niacin, and riboflavin (16). The U. S. RDA values are based 
on the maximum Recommended Dietary Allowances (RDA) (l968) of each nutri­
ent and are ·used in food labeling (17). In a more recent study, it was 
shown that food combinations providing one-third of the RDA with the 
exception of vitamin A and calcium were chosen at most fast-food 
restaurants (18). Greecher and Shannon (18) suggested that consumers 
ultimately are responsible for selecting foods low in nutrient compo­
sition. Adolescents have been targeted as a group who are frequent 
consumers at fast-food eating establishments (19). Adolescents chose 
a fast-food restaurant more often than other types of restaurants 
(20). In addition, they consumed fast-food type meal combinations in 
some school lunches, thus placing emphasis on these types of foods (20). 
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Adolescents may consume adequate food energy, but the nutrient 
adequacy of their diets often is low because of the foods selected. 
Intake below two-thirds of the RDA for a nutrient traditionally has 
been used as a measure of dietary inadequacy for large.groups of in­
dividuals. Consumption of less than two-thirds of the RDA by adoles­
cents has been found for iron, calcium, ascorbic acid, and vitamin A 
(5,10, 21). The RDA, used by health professionals as dietary 
standards, include margins of safety so that short tenn inadequate 
intakes will not result in deficiencies. However, the margins of 
safety are low for vitamin A, calcium, and iron, nutrients for which 
consumption often is below standards (22). Iron deficiency was re­
ported to be the most prevalent nutritional deficiency among Amer­
icans and was particularly common among adolescents (3). Knowledge 
of the biological availability of nutrients, specifically of iron, 
can lead to effective application of the RDA in planning well-balanced 
diets (22-24). 
Iron Needs 
The need for an increased dietary iron intake is important 
during the rapid growth period of adolescence. Associated with 
growth is an increasing blood volume necessitating an increase of 
iron to maintain hemoglobin concentration. In addition, hemoglobin 
concentration increases about 0.5-1.0 g/dl per year during this 
period for males, requiring an additional increase of iron. The 
average adolescent male gains about 10 kg in his peak year of growth; 
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a total increase of about 350 mg iron in that year is -required to 
maintain hemoglobin concentration in the increased blood volume and 
to increase hemoglobin concentration overall. Increases in yearly 
weight gain and increases in hemoglobin concentration are lower in 
adolescent females than in adolescent males, but the onset of menses 
is an additional factor contributing to the increased need for iron 
in females. About 280 mg iron per year is necessary to maintain a 
constant hemoglobin concentration in the expanding blood volume in 
the adolescent female (25). Nonnal obligatory iron losses in the 
adult male are 0.5-1.0 mg/day, values similar to adolescents• iron 
losses. Females need an additional average of 0.5 mg iron a day to 
cover iron losses during the menstrual period (3). Thus, adolescents 
should absorb adequate iron to cover daily losses and meet the de­
mands of growth. 
A 10% absorption rate of the 18 mg iron allowance for adoles­
cents has been assumed in setting the RDA; this would result in 1.8 
mg iron per day available for the body (26). Intakes of 18 mg iron 
and/or absorption of 1.8 mg iron would tend to promote a positive 
iron balance and supply sufficient iron for the demands of growth. 
Although inconsistencies exist as to exact requirements, it is sug­
gested that adolescent males average a daily iron absorption of 1. 6 
mg. This figure decreases to 1.2 mg absorbable iron for the recom­
mendation for adult males (4). The growth spurt in adolescent 
females is not as great as in adolescent males, but the onset of 
menses necessitates a high iron requirement. Monsen (27) recommends 
8 
daily absorption of 1.4 mg iron by menstruating females to promote 
iron storage of 500 mg. The RDA of 18 mg iron has included a 
margin of safety, so that in the event intakes are less than 18 mg, 
absorbable amounts could approximate the absorption recommendations. 
Adequacy of Dietary Iron and·Ascorbic Acid 
Adolescents of both genders and from all socioeconomic levels 
and races have been identified as at risk for iron deficiency (3, 25, 
28, 29). Dietary patterns low in iron compared to need are regarded 
as causative factors in the prevalence of iron deficiency. Dietary 
iron intakes less than the daily recommended allowances of 18 mg 
for adolescents are reported in 80% of the females and 75% of the 
males (30). Many adolescents consumed less than two-thirds of the 
RDA for iron (5, 10, 28, 31,32). Iron intakes less than 12 mg daily 
were reported for 54.8% of adolescents aged 15-17 years (33). 
Adolescent females have consistently lower intakes than males; 74% 
of the females and 36% of the males surveyed had intakes less than 
12 mg daily in a national survey (33). Averages for daily iron con­
sumption among female adolescents 12-16 years of age were 9-13 mg 
and 10-16 mg for adolescent males in the same age group (3). For 
all income groups surveyed in HANES-I, the median daily iron intake 
for adolescents was 10. 9 mg iron and the mean was 12.5 mg iron daily 
(34). 
Achieving an intake of 18 mg iron daily is difficult by diet­
ary means; typical American diets provide approximately 6 mg iron/ 
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1000 kcal (23). Caloric intakes of 3000 kcal to achieve an intake 
of 18 mg iron may be undesirable for some individuals, especially 
females. Daily kilocaloric intakes vary among adolescent males and 
females. In the Nationwide Food Consumption Survey (NFCS) 1977-78, 
the mean daily kilocalorie intake for adolescent females was about 
2000 kcal and about 3000 kcal for adolescent males (12). Dietary 
ascorbic acid intakes are of importance because the amount of 
ascorbic acid consumed in a meal or snack positively affects the bio­
availability of dietary iron present in the same meal or snack. It 
has been reported previously that ascorbic acid intakes were low 
among adolescents, but mean daily intakes of 88 mg ascorbic acid 
have been reported in a sample of adolescents (5). The reported 
mean ascorbic acid intake for all income groups of adolescents in 
HANES-I was 78 mg daily, but the median was 50 mg ascorbic acid (34). 
Based on the RDA of 60 mg ascorbic acid, mean nutrient intakes appear 
to have been sufficient in adolescents' diets (26). 
Sources of Iron 
Dietary 
Achievement of the recommended 18 mg iron allowance for adoles­
cents may be difficult by dietary means, particularly by adolescent 
females who tend to have lower energy intakes than males. Diets of 
1800 kilocalories containing the recommended servings of meats, 
legumes, vegetables, and grain products probably will provide about 
10 mg iron. Meats, especially liver and other organ meats, provide 
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substantial amounts of iron. Beef liver contains 7.5 mg i.ron in a 
3-oz. serving. Other types of meat and poultry are fairly good 
sources of iron as well. A 3-oz. serving of beef provides from 2. 5 
to 3. 0 mg iron; chicken has less iron than beef with a 3-oz. portion 
containing up to 1.5 mg iron. Ham and pork products vary from 1 .6 mg 
iron in 2 oz. of luncheon ham to 2.7 mg iron in 3 oz. of pork roast. 
Certain fish and shellfish are high in iron; 1 C of oyster meat con­
tains 13. 2 mg iron. Tuna is fairly low but does provide 1!6 mg iron 
per 3-oz. serving. 
Legumes are a good source of iron and an especially important 
source in diets low in animal foods. Lima and northern beans con­
tribute approximately 5-6 mg iron in a 1-C serving. Other dried peas 
and beans contain 3-4 mg iron per 1-C serving. Other vegetables, 
especially the dark green leafy vegetables, also are iron-rich foods. 
Greens such as collards, turnips, and spinach contain 2-3 mg iron in 
a 1-C serving. Vegetables also are important sources of ascorbic 
acid, a major enhancer of iron absorption. Dried fruits and molasses 
are good iron sources to supplement the diet. One cup of raisins 
provides 5.8 mg iron. Whole-grain products or enriched cereals and 
breads also are important sources of iron in the diets of Americans. 
One slice of white bread contains 0.6 mg iron and whole wheat bread 
has 0. 8 mg iron per slice; bread can contribute substantially to 
daily iron intake when consumed several times a day (35). 
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Supplemental 
One means of preventing iron deficiency is by direct inter­
vention with supplementation or fortification (36,37). Supplementation 
involves distribution of iron as a tablet whereas iron added to food 
is the method of fortification. Iron fortification of food is an 
economical approach in preventing iron deficiency, especially among 
large populations. Iron fortification necessitates the selection of 
a suitable source of iron, an appropriate amount of iron, and a suit­
able iron carrier. The iron compound that is chosen should be tech­
nologically and nutritionally suitable for its use in the diet. The 
iron carrier also should be technologically stable and acceptable by 
consumers. Food vehicles currently used include cereals and their 
flours, successfully used in developed countries, and other foods 
such as sugar and salt, which have been satisfactorily employed in 
developing societies (36, 38,39). · Consumption of cereals and grain 
products is co111T1on in many countries and fortification of these foods 
with iron is favorably accepted. Wheat flour, used in the production 
of baked products, and breakfast-type cereals made from a variety 
of grains, are fortified with iron in developed countries because of 
the frequency of their use. Iron bioavailability needs to be con­
sidered in setti�g standards for iron enrichment (36, 40). 
Iron Metabolism 
Body Iron 
The essential element iron exists in the body as iron in 
functional forms and as iron in storage fonns. The functional fonns 
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consist of hemoglobin iron, which comprises about 70% of body iron; 
myoglobin iron, which is in muscle; and the tissue iron enzymes 
(cytochromes, catalases, and peroxidases). Myoglobin and the iron 
enzymes represent about 5% of body iron. The transport iron protein, 
transferrin, represents a small fraction of body iron. The storage 
fonns of iron are ferritin and hemosiderin. About 25% of iron in 
the adult male is present in the storage fonn, whereas about 10% of 
iron in females is in this fonn (3). 
Factors affecting iron balance include the amount and bio­
availability of dietary iron, iron stores, and iron loss from the 
body. Dietary iron intake and its bioavailability are considered 
to be limiting factors in iron balance. Only a portion of dietary 
iron is available for absorption due to inhibiting gastrointestinal 
and dietary factors. Heme iron, a small fraction of dietary iron, 
is highly available, but nonheme iron availability is dependent on 
certain dietary factors. Iron stores are mobilized to produce hemo­
globin and other important iron compounds when dietary iron intake 
is inadequate. Absorption of iron increases when iron stores are 
depleted. Physiological iron losses from intestinal cell desquama­
tion are considered to be relatively fixed and have little effect 
on iron balance. Uterine iron loss resulting from menstruation and 
pregnancy and iron demands due to growth will influence iron status. 
The absorptive mechanism of iron is considered the regulator of iron 
balance (3, 25, 37). 
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Iron Absorption 
Regulation of iron absorption from the duodenum is divided 
into three phases: (1) the intraluminal phase, (2) the mucosal phase, 
and (3) the corporeal phase. The intraluminal phase involves the 
process of digestion of food and the transformation of inorganic 
(nonheme} iron III (ferric) complexes to the absorbable iron II 
(ferrous} fonn. Conversion of nonheme iron III to nonheme iron II 
in this phase is facilitated by ascorbic acid in a meal (25). The 
uptake of soluble nonheme iron by the mucosa- depends on the quantity 
of iron in the lumen. Brush border receptors then bind nonheme 
iron for its transfer into the mucosal cell. The number of brush 
border receptors increase in iron deficiency. Dietary ligands that 
enhance or inhibit iron absorption compete for iron with acceptor 
sites on the receptors. In the corporeal phase of iron transfer, 
nonheme iron binds to specific carriers and is transferred to plasma 
transferrin on the serosal side. Excess iron in the mucosa that is 
not transferred is taken up by apotransferrin and stored as ferritin 
( 36). 
Preparation for absorption of heme iron differs from that of 
nonheme iron. Heme is split from the globin fraction in the intes­
tinal lumen and enters the mucosal cell where ionic iron is released 
from the porphyrin complex by the enzyme xanthine oxidase. Heme 
iron enters the mucosal pool also containing nonheme iron and iron 
from both sources is handled similarly from this point on (36). 
Reliable methods for quantitating iron absorption are essen­
tial in evaluating measures used to prevent ir�n deficiency. Tech­
niques have improved since radioi.sotopic measurements have replaced 
the imprecise chemical balance methods (25). The variability of 
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iron absorption from intersubject and intrasubject measurements has 
made assessment difficult, but the use of large groups of individuals 
has produced more consistent results. Methods of evaluation have 
involved the feeding of biosynthetically labeled plant and animal 
foods to determine the rate of absorption (25, 41). Early studies 
focused on iron absorption from single foods (42-44). Layrisse et 
al. (44) reported that iron is less well absorbed from vegetable 
foods than from animal foods, and iron from food is less well 
absorbed than it is from iron salts. Evidence has supported the idea 
that absorbed iron from various foods fonns a two pool system in the 
gut consisting of heme iron from animal foods and nonheme iron from 
vegetable and animal foods (45-47). Further investigation has re­
vealed that the process is more complex and is dependent on the inter­
action among different foods. Cook et a 1. ( 46) comp a red non heme i ran 
absorption of 55Fe biosynthetically incorporated {intrinsic tag) 
and inorganic 59Fe (extrinsic tag) from composite meals. Results 
indicated that absorption of the two tracers,were identical, suggest­
ing that nonheme iron from foods ingested in a meal forms a pool in 
the body in which nonheme- iron availability is dependent on certain 
dietary factors affecting absorption. This method has been used in 
determining nonheme iron absorption from foods such as corn, wheat, 
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soybeans, black beans, and eggs (46, 47). Further investigation has 
supported the validity of the two-pool extrinsic tracer method in 
measuring iron absorption from the two pools of body iron (47) . 
Evaluation of dietary factors influencing iron absorption has 
led researchers to refine techniques in measuring iron absorption 
from composite meals. Cook and Monsen (48) measured nonheme iron 
absorption from a standard meal chosen as representative of a 
typical American meal and from a semisynthetic meal of the same 
chemical composition. The semisynthetic meal provided low bioavail­
ability of iron while high iron bioavailability was obtained from 
the standard meal. These results contributed to the evaluation of 
dietary factors enhancing and inhibiting dietary iron. Other in­
vestigators have utilized the extrinsic-tag method to measure iron 
absorption from freely chosen meals realistically prepared and con­
sumed by subjects (49-51). The concepts learned from these studies 
are valuable in evaluating iron absorption from diets that are repre­
sentative of a population or of a representative segment of the popu­
lation. 
Biochemical Measurement of Iron Status 
Iron deficiency refers to a reduced total iron content in the 
body. The sequence of iron deficiency occurs in three stages: de­
pletion of iron stores, decreased transport iron, and reduced produc­
tion of the physiologically important iron-containing protein compounds: 
myoglobin, hemoglobin, and the iron-containing enzymes (52). Distinct 
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terms are used to describe these stages of iron deficiency. " Iron 
depletion" is the tenn defining a state of deficient iron stores. 
" Iron deficiency 11 (without anemia) describes the condition when 
there are no iron stores and there is a decrease in percent trans­
ferrin saturation s yet anemia is undetected. " Iron deficiency anemia" 
refers to the condition of iron depletion inadequate for hemoglobin 
production (3). Several laboratory tests are employed to determine 
which stage of iron deficiency exists. Serum ferritin is an estimate 
of storage iron and is about the only test capable of assessing the 
degree of iron depletion. Estimation of serum ferritin is a costly 
procedure, and there are limited data on this value in the adolescent 
population. Transport iron is measured by the ratio of serum iron 
to iron binding capacity. Hemoglobin and protoporphyrin levels are 
indicators of the presence of anemia and the decreased production of 
iron-containing compounds. Unfortunately, overlap between stages of 
iron deficiency and individual variability may affect the reliability 
of laboratory tests. Consequences of iron deficiency or anemia re­
sult in reduced oxygen uptake and decreased work output. 
The general indicators used to assess anemia are concentration 
of hemoglobin and percentage hematocrit. Measurement of hemoglobin 
indicates the red blood cell concentration of this iron-containing 
compound. In the HANES-I I  population the mean hemoglobin value for 
males aged 15-17 years was 14. 3 g/dl �nd 13. 3 g/dl for females aged 
15-17 years. Based on standards of less than 13 g/dl for males and 
less than 11. 5 g/dl for females as low, the prevalence of low 
hemoglobin values for males in the age group 15-17 years was 5.0% 
and 5.5% for females aged 15-17 years (53). Bailey et al. (29) 
classified 1 1% of the females and 3% of the males as anemic, defined 
as less than 12 g/dl hemoglobin. 
Hematocrit is a measure of the percent of packed red cells 
17 
in a volume of whole blood. The presence of low hematocrit levels 
for males in the HANES-II population aged 15-17 years was 13% and 
9. 3% for females aged 15-17 years, based on standards of less than 
40% hematocrit for males and less than 36% hematocrit for females. 
The me�n hematocrit was 43% for males and 39% for females (53). 
Greger et .al. (28) reported that only 1% of adolescent girls surveyed 
had low hematocrit levels (less than 36%) with a mean hematocrit of 
42%. 
Serum iron and transferrin saturation are other measures used 
to evaluate the status of iron stores. About 5% of adolescent males 
and 3% of adolescent females surveyed in HANES-II were reported to 
have low serum iron. The mean transferrin saturation for adolescent 
males was 29% with a standard of less than 20% considered low, and 
the mean was 26% for females with a standard of less than 15% con­
sidered low (53). Bailey et al. (29) reported that iron status 
measured by transferrin saturation was inadequate for a portion of 
a population of low-income subjects. Transferrin saturation was 
low in 12% of the females and 2% of the males on a standard of less 
than 16%. Levels decreased in females as age increased, probably 
due to the onset of menses, but males' levels increased with age. 
Even though the prevalence of low dietary iron intakes is 
greater among adolescents than is the presence of low biochemical 
indices, the potential for iron deficiency remains. The occurrence 
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of iron deficiency, as a factor of time, is related to the extent of 
dietary iron inadequacy. Consideration of dietary patterns in regard 
to bioavailability of iron can assist in prevention of iron deficiency. 
Iron Bioavailability· 
Dietary Forms of Iron 
Iron exists in food as heme iron in meat, poultry, and fish, 
and as nonheme iron in vegetables, fruits, and grains. Meat, poultry, 
and fish also contain some nonheme iron. Heme iron occurs as the 
soluble porphyrin complex in hemoglobin and myoglobin of animal 
tissue. Nonheme iron exists as the inorganic iron I II complex in 
food that is reduced to the absorbable iron I I  fonn during digestion 
(25). Nonheme iron constitutes the majority of dietary iron but is 
absorbed at a lower rate than is heme iron. 
Absorption of dietary iron from plant foods is 3-8%; dietary 
-iron absorption from animal foods is 8-16% (44,54). About 40% of the 
iron in animal tissue is present as heme iron, and nonheme iron 
accounts for the remaining 60% of animal tissue iron (55). Dietary 
sources of heme iron may be low in the diet because of food habits. 
Thus, heme iron comprises a smaller portion of total dietary iron 
than nonheme iron. Hallberg (56) states that heme iron comprises 
10-15% of the total dietary iron, but in an earlier study it was 
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reported that about 6% of total iron is consumed as heme iron (48). 
Factors Affecting Iron Absorption 
Layrisse et al. (54) reported that an interaction that affects 
iron abs orption occurs between animal and vegetable foods during 
digestion. They found that iron absorption from beef alone was sig­
nificantly greater than iron absorption from beef combined with corn 
or black beans . However, iron from corn and black beans was absorbed 
better when combined with beef than when consumed alone. Absorption 
of heme iron is not affected by other factors in the diet, but 
absorption of nonheme iron is influenced by certain factors in the 
diet {54, 57). Heme iron absorption is not influenced by dietary 
enhancing or inhibiting factors because of its solubility and its 
particular absorptive mechanism in the duodenum (58). 
Nonheme iron bioavailability is enhanced by ascorbic acid 
(59, 60) and an unidentified substance in meat, poultry, and fish 
that a·pparently is not present in milk and dairy products (55, 57). 
Dietary factors inhibiting nonheme iron absorption are tannates (61), 
coffee (62), calcium phosphate (63), egg yolk (57,64), EDTA (65), 
bran (66), and a wide variety of soy products (67). Enhanced absorp­
tion of nonheme iron is due to the formation of soluble complexes, 
while the formation of insoluble large polymers and iron precipitates 
inhibit absorption (68). 
Nonheme iron absorption enhancement by ascorbic acid is dose 
and time dependent. The absorption of nonheme iron increases propor­
tionately at levels up to 1 g ascorbic acid and is greatest when 
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ascorbic acid is consumed simultaneously with food containing non­
heme iron (58, 69). Ascorbic acid maintains iron· in a soluble form 
by acting as a reducing agent and by complexing with the ferric fonn 
of nonheme iron at the alkaline pH of the duodenum (58, 70). A re­
duced enhancement of nonheme iron absorption by ascorbic acid has 
been observed when foods have been sustained at warm temperatures as 
occurs in restaurants and cafeterias. Ascorbate content in foods 
is significantly reduced within one hour of prolonged wanning at 75°C 
thus depressing nonheme iron absorption (71). The mechanism by which 
animal tissue enhances absorption of nonheme iron is unknown (55). 
A distinction is made between sources of animal protein and animal 
tissue because milk and dairy products have no effect on nonheme iron 
absorption (55,58). 
Researchers have focused on the importance of enhancing factors 
on nonheme iron absorption; however, a limited number of studies have 
involved the effect of inhibiting factors. Knowledge of the effect 
of inhibiting factors may be significant because their removal from 
the diet may improve iron status. Elucidation of the mechanisms of 
inhibitory action on iron absorption or ways to overcome their effect 
is needed. Such research is important especially for populations 
consuming large amounts of inhibitory substances. 
Tea can reduce nonheme iron absorption from a meal by as much 
as 87% (61). Hallberg and Rossander (60) reported a 62% reduction 
in iron absorption when one cup of tea was consumed in a standard 
meal containing meat and vegetables. The tannins in tea form 
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insoluble iron-tannate complexes in the lumen, decreasing iron 
availability (58). Polyphenolic compounds in coffee, chemically 
similar to tannins in tea, also inhibit nonheme iron absorption 
but by a mechanism different from and with less effect than tannin 
inhibition. While the exact mechanism is unknown, a possible explan­
ation for this effect is that a substance in coffee oxidizes iron to 
the insoluble ferric state. The inhibitory effect of coffee on iron 
absorption occurs in the lumen when coffee is ingested simultaneously 
or one hour after a meal; there is no inhibition when coffee is con­
sumed one hour before a meal. No differences have been found between 
drip and instant coffee, but inhibition was dependent on the coffee 
strength. Coffee has been shown to reduce dietary iron absorption 
by 39% (58,62). 
When fed simultaneously, calcium and phosphorus compounds 
have been shown to decrease nonheme iron absorption in animal studies, 
but the addition of calcium or phosphorus compounds separately to 
diets had no effect on nonheme iron absorption in humans (63). Iron 
absorption was decreased significantly in humans when both calcium 
chloride and potassium phosphate were added to a meal, due to the 
fonnation of an insoluble complex of iron, calcium, and phosphate 
(58,63). Phosphate salts and calcium phosphate perfonn several func­
tions in food processing, and these are of interest with respect to 
their involvement in iron metabolism. 
The consumption of egg inhibits absorption of other dietary 
nonheme iron present in the meal, and the iron in egg also is poorly 
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available (58). The phosphorylated protein in egg yolk, phosvitin, 
binds ferric ions and inhibits absorption of iron from egg and iron 
supplied from other foods when simultaneously ingested, but egg 
albumin reportedly has no effect on nonheme iron absorption (72). 
Rossander et al. (73) however, reported that inclusion of egg in a 
breakfast meal containing bread, orange juice, bacon, and coffee, 
did not affect the amount of iron absorbed. Thus, it has been de­
termined that not all animal proteins enhance nonheme iron absorption 
(55,64, 72). 
Ethylenediaminetetraacetic acid (EDTA), a compound used in 
food processing as an antioxidant agent, is a chelator inhibiting 
iron absorption.  It functions by maintaining the solubility of 
iron at a neutral pH at which iron is not available to the body. 
Cook and Monsen (65) demonstrated that EDTA reduces dietary iron 
absorption and that the effect is dependent on the total amount of 
EDTA and the molar ratio of EDTA to iron in the diet. In a meal con­
taining 50 mg EDTA and 4.1 mg iron, a 2:1 molar ratio, nonheme iron 
absorption was reduced by 50%. However, molar ratios of EDTA to iron 
less than 1:1 do not reduce iron absorption and might enhance iron 
absorption (58). Total dietary EDTA consumption is unknown, but the 
average daily intake among the American population is thought to be 
about 50 mg (65). 
Wheat bran has been associated with inhibition of nonheme iron 
absorption also. Iron absorption from white bread with added bran 
was lower than from white bread alone, despite the addttional iron 
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content in bran (66). Possible reasons suggested include the presence 
of phytate, phosphate, and unhydrolysed dietary fiber (74). Phytate, 
a compound that binds iron and other minerals, is present in wheat 
bran. Monoferric phytate, the dominant fraction of iron in bran, is 
of high bioavailability to humans in contrast to insoluble di- or 
tetraferric phytate {75-77), but purified dietary sodium phytate 
added to meals reduced iron bioavailability (78). The inhibitory 
effect of bran on iron absorption is not attributed to phytate because 
dephytinized bran also inhibits iron absorption. Therefore, the 
action may be due to fiber or phosphate, which are more inhibitory 
than phytate, in influencing iron absorption, but the effects of 
both have not been clearly identified {77). It has been suggested 
that the inhibitory mechanism possibly is due to interactions between 
the fiber, phytate, and iron in the whole bran {75). 
The enhancement of iron absorption by animal protein has led 
researchers to investigate the effect of soy proteins because soy 
frequently is used as a fortifying agent in various food products 
and also is used as an alternative to animal protein. Cook et al. 
(67) found that soy protein inhibited dietary iron absorption under 
some circumstances. Confusion exists because earlier studies indi­
cated high iron bioavailability in meals containing soy. Reasons 
for the variability in iron absorption from soy containing meals is 
unknown as is the mechanism by which soy inhibits iron absorption. 
Implications with regard to iron status are indicated in areas where 
soy is a major dietary protein and dietary enhancing factors are low. 
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Soy protein is a useful source of dietary protein, therefore measures 
to modify its inhibitory effect on iron absorption are needed. Morck 
et al. (79) suggested the possibility of adding fortification forms 
of iron to the meal to increase total iron content. Their investiga­
tion of inclusion of dietary enhancing factors showed that beef 
exhibited a slight enhancing effect in overcom�ng soy-induced inhibi­
tion. Addition of ascorbic acid to a meal that included soy protein 
resulted in a partial reversal of soy-induced inhibition, but the 
effect was less enhancement than when ascorbic acid was added to a 
meal without inhibitors (79). 
Estimation and Calculation of Iron Absorption 
Investigations thus far have shown that the total iron content 
of a diet provides a rough estimate of dietary iron adequacy and that 
potentially absorbable iron is influenced by meal composition. In­
vestigators have supported the need to estimate iron bioavailability 
in making dietary recommendations (2). A method proposed by Monsen 
et al. (2) to estimate the quantity of absorbable iron in a meal is 
based on the effect of the enhancing factors of meat, fish, poultry, 
and ascorbic acid on nonheme iron absorption. Inclusion of the 
effect of inhibitory factors on iron absorption has not been included 
in the method thus far. Use of the Monsen model provides a more pre­
cise value for absorbable iron than the assumed 10% iron absorption 
used in establishing the RDA. 
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Both heme and nonheme iron absorpti on are i nversely i nfluenced 
by i ron stores. A level of 500 mg iron stores i s  used for calcula­
ti on i n  the Monsen method because thi s level is considered a des ired 
level of storage i ron and is a conveni ent value to use i n  compari ng 
iron bioavailabil ity of var ious di etary patterns. The Monsen method 
involves calculati on of the following vari ables in  estimating the 
amount of absorbable di etary i ron : (1) total iron (mg} , (2) heme 
iron (mg}, (3) nonheme iron (mg} , (4) ascorbic  acid  (mg} , and 
(5) meat, fi sh, and poultry (g). Sumnation of the amounts of the 
enhancers, ascorbi c  acid  and meat, poultry, or fi sh consumed in  a 
meal or snack, i s  the enhanci ng factor value. One mg of ascorbi c  
acid  has an equi valent enhancement effect as 1 g of meat, fish, or 
poultry. Each eating occasi on· is  regarded as being of hi gh, med ium, 
or low iron b ioavailability based on the amount of enhancing factors 
present (2 ) .  A refi ned model (80) for esti mati ng iron bioavai l­
abi l ity now ex ists, based on the concept that enhanci ng factors 
part icipate in  a logari thm ic  relati onshi p to nonbeme iron 
bioavailability .  To determine bi oavailabil ity, the total 
amounts of ascorbi c  aci d ;  meat, poultry, or f ish ;  total iron ; heme 
iron ; and nonheme iron are calculated for each meal or snack. Heme 
iron represents approx imately 40% of the total i ron of meat, poultry, 
and fi sh foods, and the remai ni ng iron i s  in  the nonheme fonn. Iron 
in fruits, vegetables, and grains i s  present as nonheme iron. Thus, 
b ioavailabili ty of nonheme iron i s  between 3 and 8%, dependi ng on 
the amount of enhanci ng factors present ; the reference i ndi vi dual 
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with 500 mg iron stores will absorb 3% of the nonheme iron when no 
enhancing factors are present and a maximum 8% when enhancing factors 
equal a value of 75. The bioavailability of heme iron is 23% for 
the reference individual. The amount of absorbable nonheme iron is 
detennined by percentage of nonheme iron bioavailability multiplied 
by the total nonheme iron (mg) in an eating occasion. Likewise, 
23% multi plied by the total dietary heme iron (mg) determines the 
amount of absorbable heme iron . Summation of the absorbable heme 
and nonheme iron is the value of the total amount of absorbable iron 
for the meal or snack. Daily totals are found by adding the total 
amounts of absorbable iron for every meal and snack. The percentage 
of bioavailable iron will express how much dietary iron was available 
for absorption. The method of calculation is presented in Figure l. 
Thus, calcul ation of absorbable iron of the day ' s intake should pro­
vide a more accurate measure of dietary adequacy than the total 
dietary iron intake calculated from a table of food composition. 
Step 1 % Nonheme iron bioavailability 
Enhancing factors (EF) < 75 : % = 3 + 8. 93 logn (
EF
1;0
1oo ) 
EF � 75 : % = 8 
Step 2 Absorbable nonheme iron (mg) 
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% Nonheme iron bi oavailabil ity (Step 1) x mg di etary nonheme 
iron 
Step 3 Absorbabl e  heme iron (mg) 
23% x mg di etary heme iron 
Step 4 Total absorbable i ron (mg) 
Absorbable nonheme iron (mg) (Step 2) 
+ 
Absorbable heme iron (mg) (Step 3) 
Step 5 % Iron bioavailability 
Total absorbable iron m 
Tota dietary iron mg 
Figure 1. Calculation of iron bi oavailability. 
CHAPTER II I 
METHODOLOGY 
Sample Selection 
Adolescents were selected as the target group for this study 
because of their low dietary iron intake and their increased need 
for iron. Another researcher, Salvetti (81), chose the sample of 
224 adolescent students from 7 randomly selected eastern Tennessee 
high schools. From a list of Tennessee public high schools (82) and 
a map of standard metropolitan statistical areas in Tennessee (83), 
high schools were categorized in eastern Tennessee as small town/ 
rural or metropolitan . Four metropolitan and three small town/ 
rural schools were randomly selected; 7 schools were chosen as 
alternates. 
Approval to conduct the study was obtained from principals of 
the selected high schools. Students enrolled in two required junior 
and/or senior classes in each school were invited to participate in 
the study; participation of students was voluntary. Written consent 
was obtained from adolescents who were 18 years of age, and written 
consent was obtained from parents of adolescents who were less than 
18. 
Development of Instruments 
The sample survey was the method of data collection chosen to 
obtain information about adolescents ' dietary habits. Investigation 
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of the relationship between methods of evaluating dietary iron in­
take and its bioavailability was the focus of this portion of the 
study. Dietary data were collected using the 24-hour food record, a 
preferred alternative to the food recall method because of limited 
time and available personnel for field work. The food record fonn 
was designed to obtain infonnation about all foods consumed, the time 
of day and places food was consumed, the person (s) who prepared food, 
and the number of · persons eating with the respondent at each eating 
occasion (Appendix I). · 
In addition to the 24-hour food record, a sociodemographic 
questionnaire was included in the study (Appendix I I). Salvetti (81) 
developed the sociodemographic questionnaire consisting of 69 closed 
response questions. 
Data Collection 
Data were collected on a weekday, Monday through Thursday in 
May 1 980. A researcher (81 ) visited each school to teach adolescents 
how to keep the food records. Adolescents were instructed to record 
all foods consumed in the 24-hour period immediately following the 
researcher ' s  visit to class. Adolescents recorded each eating occa­
sion and the kinds and amounts of food consumed. 
Coding and Nutrient Analyses 
All eating occasions were classified as either meals or snacks. 
Breakfast was defined as an eating occasion that included any calorie-
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containing food or beverage eaten between 6 a. m .  and 10 a. m. ; lunch 
consisted of an eating occasion between 11 a. m. and 2 : 50 p. m. that 
included two or more foods providing kilocalories. The evening meal, 
occurring between 3:30 p. m. and 10 p. m. , was based on the provision of 
more than one food, including a protein-rich food. When more than one 
eating occasion that met the outlined criteria occurred in one of 
the specified time periods, the eating occasion having the widest 
variety of calorie-containing foods was selected as the meal for that 
period. All eating occasions defined as meals were coded for analyses 
as separate eating occasions. All other eating occasions that were 
not meals were defined as snacks. Snacks al so were coded as separate 
eating occasions and were further classified by the ti me of day they 
were consumed. Morning snacks were defined as those eaten between 
the time the adolescent awoke and 11 : 59 a. m. Snacks consumed between 
12:00 noon and 6:00 p. m. were defined as afternoon snacks, and those 
snacks eaten after 6:00 p. m. until bedtime were evening snacks. 
The Nutritive Value of Foods, Home and Garden Bulletin No. 72 
(35), was used as the data base in coding foods for nutrient analysis 
by computer. For purposes of detennining iron bioavailabil ity, all 
combination foods containing meat, fish, or poultry were coded by 
their ingredients. This was done so that the heme and nonheme iron 
content of the foods coul d be detennined separately . Food package 
nutrition infonnation provided additional data. 
The Statistical Analysis System (SAS) (84) was used to de­
velop a computer program for nutrient analysis. Values for 
energy, protein, ascorbic acid, and iron of foods consumed 
were cal cul ated. SAS (84) al so was used to devel op a computer pro­
gram based on the Monsen and Bal intfy (80) refined method of cal -
. cul ating iron bioavail abil ity (Appendix I I I) .  
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Individual ' s  intakes of energy, protein, total iron, heme iron ; 
nonheme iron, and ascorbic · acid were cal cul ated for breakfast, l unch, 
the evening meal , and for each snack occasion. For cal cul ating iron 
bioavail abil ity, the amount of meat, fish, or poul try (g) consumed in 
an eating occasion was detennined and when summed with the nutrient in­
take of ascorbic acid (mg), became the enhancing factor val ue. The 
enhancing factor va 1 ue was necessary for determination of nonheme 
iron bioavail abil ity. Bioavail abil ity of nonheme iron (percentage 
absorption) then was cal cul ated for each eating occasion. The amounts 
of absorbabl e nonheme iron, dependent on enhancing factors, and the 
amounts of absorbabl e heme iron were su11111ed to describe the total 
amount of absorbabl e iron of an eating occasion. Bioavail abil ity of 
total iron (percentage absorption) was detennined by dividing total 
absorbabl e iron by total iron. Val ues from each eating occasion 
were summed for the 24-hour period. Mean val ues of mal es and fema·1 es 
were cal cul ated for each eating occasion and for the total day. Means 
were detennined for energy; protein; total iron; heme iron; nonheme 
iron; ascorbic acid; meat, fish, and poul try; enhancing factors; 
absorbabl e nonheme iron; percentage of bioavail abl e nonheme iron; 
absorbabl e heme iron; total absorbabl e iron; and percentage of bio­
avail abl e iron. Individual ' s  intakes for each eating occasion al so 
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were expressed per 1000 kilocalories (kcal) as a measure of nutrient 
density, and means were calculated for males and females. 
Stat.i sti ca 1 Analyses 
Means and standard deviati ons for the recorded 24-hour peri od 
were used to descri be selected nutrient intakes and dietary factors 
contributing to iron bi oavailability i n  di ets of adolescent males 
and females. Factors included energy; protein; ascorbic  acid; total 
iron; heme and nonheme iron fracti ons; absorbable amounts of heme, 
nonheme, and total iron; amount of meat, fish, and poultry; and the 
percentages of bioavailable nonheme i ron and total iron. Pearson ' s  
product-moment correlation coeffi ci ent was used to assess the rela­
ti onship between the two measures of di etary iron adequacy: total 
iron and amounts of absorbable iron. Means and standard deviati ons 
also were computed for the same dietary factors from the 24-hour food 
records for adolescents i n  the regions, rural and metropolitan. 
The variati ons of dietary iron intake , i ron bioavai lability , 
and iron adequacy were investi gated through analyses of eati ng occa­
si ons def ined by time. The program PROC GLM in SAS (84 ) ,  whi ch uses 
least-squares analysi s  of vari ance, was used to compare dietary 
patterns among breakfast, lunch, and evening meal intakes of males 
and of females. This  procedure was suitable for data of unbalanced 
design. Nutrient i ntakes per 1000 kcal from meals were compared by 
PROC GLM analyses of covariance (84 ) for protein, ascorbic  aci d, 
total iron, heme iron, nonheme iron, and the absorbable amounts of 
iron and iron fractions. Nutrient intakes and dietary components 
in the first snack consumed in a time period, defined as morning, 
afternoon, and evening, were tested to identify patterns of iron 
bioavailability in snack occasions of adolescent males and females. 
PROC GLM least-squares analysis of variance with . contrast 
was used to test the effects of time on iron bioavailability. PROC 
GLM analyses of covariance with contrast were used to test for 
differences among nutrient intakes per 1000 kcal in snack occasions 
of males and females . 
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To enable further description of adolescents' dietary patterns 
related to iron nutrition, adolescents' values of absorbable iron 
were ranked from highest to lowest. Food records of males and females 
whose values fell into the top 25% and bottom 25% were chosen for 
additional analysis . Three male and four female adolescents who 
exhibited extremely low values of absorbable iron were eliminated 
from the subsample. These individuals had unusually low 
intakes of foods and foods containing iron for the 24-hour period. 
Mean 24-hour intakes for energy, protein, ascorbic acid, total iron, 
heme iron, nonheme iron, the absorbabl e amounts and percentage of 
bioavailable iron, as well as the amount of meat, fish, or poul try 
consumed were detennined for both males and females in the upper 
and lower quartiles. Nutrient analysis per 1000 kcal also was per­
formed on the data. 
Percentage of iron bioavailability for the recorded 24-hour 
period also was selected as a criterion to describe dietary patterns 
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of iron nutrition among adolescents. Percentage of iron bioavail­
ability values were ranked from highest to lowest. Subjects with 
values in the top 25% and bottom 25% were chosen for the subsamples. 
There were two adolescent males who were omitted from the group of 
males with low iron bioavailability percentages and three females 
omitted from the group of females with low iron bioavailability per­
centages because of their extremely low iron bioavailability values 
due to a low consumption of foods and foods containing iron. Mean 
24-hour intake data for nutrients and dietary factors contributing 
to iron bioavailability were analyzed. 
Comparison of the relationship between iron intake and iron 
bioavailability required _investigation of dietary patterns of persons 
exhibiting high or low values of absorbable iron and percentages of 
iron bioavailability. The subsamples created on the basis of 
absorbable iron were tested for differences among nutrients and dietary 
factors of adolescent males' and females ' 24-hour foods records. 
Analyses were perfonned by groups within gender. One-way analyses 
of variance were employed to test for statistical differences. 
Nutrient intakes per 1000 kcal for protein, ascorbic acid, total 
iron, heme and nonheme iron, and the absorbable amounts of each were 
tested by analysis of variance. 
Subsamples based on the criterion of percentage of iron bio­
availability were selected for analysis. The groups of adolescent 
males and females who had low iron bioavailability percentages were 
compared to the respective groups of males and females who had 
35 
dietary patterns of high iron bioavailability percentages. Intakes 
of nutrients and dietary factors from the food records were compared 
with one-way analyses of variance. All analyses were tested at the 
p < 0. 05 level of significance. 
CHAPTER IV 
RESULTS AND D ISCUSSION 
Description of Sample 
Descriptive data on the sample of adolescents are presented 
in Table 1. The sample of 224 adolescents was almost equally dis­
tributed between males and females. Approximately one-half of the 
adolescents (51. 2%) were 17 years of age; ages ranged from 15 to 18. 
The majority (92 . 4%) of adolescents were white. Enrollment in rural 
or metropolitan schools was almost equally distributed among the 
sample. 
Description of Nutrients and Dietary Factors 
for the 24-Hour Period 
Means and standard deviations of adolescents ' intakes of 
selected nutrients and dietary factors related to iron bioavailability 
from 24-hour food records are shown in Table 2. Mean nutrient in­
takes for energy, protein, and ascorbic acid of adolescent male·s 
and females met 100% of the RDA for this age group. However, mean 
dietary iron intakes were below reconnnendations for both males and 
females but were similar to reported iron intakes among adolescents 
(3, 31). 
Another criterion employed in assessing dietary quality is de­
termination of nutrient density: nutrient intake per unit of energy. 
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TABLE 1 
Demographic characteristics of selected 
15-18 year old adolescentsl 
Characteristic 
Gender 
Male 
Female 
Age 
15 
16 
17 
18 
Region 
Rural 
Metropolitan 
Race 
White 
Black 
Other 
% Respondents 
50. 4 
49. 6 
1. 4 
36. 6 
51. 2 
10. 8 
42. 9 
57. 1 
92. 4 
6 . 7  
0. 9 
1Random sample of 224 adolescents 
in 7 high schpols in eastern Tennessee 
(3 rural, 4 metropolitan), spring 1980 . 
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TABLE 2 
Intakes of selected nutrients and dietary factors contributing 
to iron bioavailability in 24-hour food records of 
adolescents in eastern Tennesseel 
Factor 
Energy (kcal } 
Protein (g) 
Ascorbic acid (mg) 
Iron (mg) 
Nonheme iron (mg) 
Heme i ro n (mg) 
Meat, fish, poultry (g) 
Absorbable nonheme iron (mg) 
Absorbable heme iron (mg) 
Total absorbable iron (mg) 
Bioavailability of iron (%) 
Mal es Femal es 
----------Mean ± SO------�-- -- -
3099 ± 1252 2053 ± 882 
106 ± 42 64 ± 31 
113 ± 145 67 ± 85 
16. l ± 6. 2 11. l ± 5. 6 
14. 2 ± 5.7 9.7 ± 5. l 
2. 0  ± 1. 3 1. 3 ± 0. 9 
191 ± 119 120 ± 76 
0. 93 ± 0. 40 0. 60 ± 0. 32 
0. 45 ± o .  29 0. 30 ± 0. 21 
l. 38 ± o .  60 0. 91 ± 0. 47 
8. 6 ± 1. 9 8. 3 ± 2. 12 
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1Random sample of 224 adolescents in 7 high schools in eastern 
Tennessee (3 rural, 4 metropolitan), 113 males, 111 females. 
2only subjects who consumed foods that contained iron were in­
cluded in calculation of mean ; n=llO females. 
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The typical American diet contains an estimated 6 mg iron/1 000 kcal 
(23). Adolescent males need to consume approximately 6. 4 mg iron/ 
1 000 kcal based on a recommended 2800 kcal intake, and females' 
diets should have 8. 6 mg iron/1 000 kcal in a 21 00 kcal intake (85). 
Adolescent males and females in this sample received less than these 
amounts; average intakes were about 5.2 and 5.4 mg iron/1 000 kcal, 
respectively . Thus, adolescents' diets were low in both total iron 
and nutrient density of iron. 
Between the two fractions of dietary iron, heme iron usually 
constitutes a small amount of total dietary iron i ntake , but accounts 
for about one-third of total absorbable iron. According to Hallberg 
(56), Western-type diets contain 1 0-1 5% of total iron as heme iron, 
but Cook { 86) considers heme iron to represent 5-1 0% of total dietary 
iron. Diets of adolescent males contained 1 2.4% and diets of females 
contained 1 1 . 7% of total dietary iron as heme iron . Absorbable 
amounts of iron in adolescents ' diets also followed the usual 
pattern with 33% of total absorbable iron in both adolescent males ' 
and females ' diets from absorbable heme iron. Thus, nonheme iron 
constituted the majority of total dietary iron, as indicated in Tabl e 
2 .  The average percentage of absorbable nonheme iron, 6. 5% in males 
and 6. 1 %  in females, was within the estimated range of 3-8% for the 
reference individual with 500 mg iron stores . Essential to the de­
tennination of iron bioavailability is the amount of meat, fish, and 
poultry consumed (MFP g). Male adolescents consumed 1 91 g 
daily of meat, poultry, and fish, and females consumed 1 20 g. 
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The Reconunended Dietary Allowance for i ron at 18 mg is based 
on the assumpti on that 1. 8 mg di etary i ron will be absorbed. This  
allowance i s  based on 10% absorption, an average . of the expected 
amounts of heme and nonheme i ron in  the di et and thei r percentage 
absorption, 23% for heme i ron absorpt ion and 3-8% for nonheme iron 
absorption. Results in  Table 2 indicate that the bioavailability of 
iron for adolescent males and females was less than 10%, resulting 
in low values of total absorbable iron. · Cook and Monsen (48) re­
ported that females consumi ng 1800 kcal and 11 mg iron/day can 
maintain  a posi tive i ron balance i f  i ron absorption is  equivalent 
to 12%. The li terature vari es in  reconunendati ons for adolescents 
for absorbable dietary i ron, but Bothwell et al. (4) recorrmended 
1.6 mg absorbable iron for adolescent males, and Monsen (27) stressed 
that 1. 2-1. 4 mg absorbable i ron is necessary for adolescent females. 
Values of absorbable iron in  Table 2 i ndicate that adolescents' 
di ets were poor wi th respect to absorbable i ron in  that nei ther 
males' nor females ' di ets met recorm1ended amounts. Di etary patterns 
of adolescent males and females therefore were below recommendati ons 
for total iron and total absorbabl e i ron, indi cati ng inadequacy of 
dietary i ron by both measures. 
Pearson ' s  product-moment correlati on coeffi ci ents of r = 0. 88 
(p = 0. 001) for males and females were found for the correlati on be­
tween values of total iron from Tables of Food Composi ti on and absorb­
able iron as calculated by Monsen and Balintfy' s method of iron 
bioavailability (80) .  Sixty-four percent of the variability was 
explained by this correlation . Thus, the possibility exists that 
for some individuals the measures differ. 
Because mean values can obscure variability among subjects, 
another criterion of dietary adequacy used is the number of subjects 
consuming less than two-thirds of the RDA . A high percentage (65% ) 
of females had less than two-thirds RDA for iron. Iron intakes 
ranged from a . a to 11 . 9  mg per day among those females whose intakes 
did not meet two-thirds RDA. A smaller group of males (27% ) than 
females had iron intakes less than two-thirds RDA ; their iron in­
takes ranged from 1. 7 to 11. 8 mg per day . 
Dietary patterns and nutrient intakes among subjects living 
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in rural or metropolitan areas were investtgated . Total daily dietary 
iron intakes of both groups were below the RDA ; 12 . 8  mg and 14. 2 mg 
iron, respectively, were consumed by individuals living in a rural 
or metropolitan region. The consumption of meat, fish, and poultry 
foods was significantly higher (p � 0. 05 ) among metropolitan resi­
dents than among those living in rural areas. Mean intakes of 176 g 
of meat, fish, or poultry foods by metropolitan residents and 128 g 
of animal tissue foods by rural subjects were found. Therefore, 
heme iron and absorbable heme iron were higher (p � 0. 05 ) in diets 
of metropolitan subjects than in diets of rural subjects� There 
were no differences in total iron, nonheme iron, and ascorbic acid 
intakes between the groups . Total absorbable iron was higher in 
diets of metropolitan subjects (1. 24 mg) than in diets of rural 
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subjects (1. 03 mg), although nei ther value approached levels recom­
mended for adolescent males and females. Percentages of bi oavailable -
iron were not different between regi ons. Evaluation of iron nutri­
tion in  di ets of rural and metropolitan adolescents ind i cated that 
diets were i nadequate in  total iron and total absorbable i ron, and 
increased iron bi oavailability may not i mprove di etary iron 
status. 
Descr iption of Nutri ents and Dietary Factors of Mea 1 s 
In order to delineate the relationships between eati ng 
patterns and dietary adequacy of i ron, adolescents' i ntakes were 
classi fied into spec ific eati ng occasions categorized by time. 
Analyses of selected nutrients that contributed to iron bi oavail­
abi lity of meals are presented in  Tables 3 and 4. 
Least-squares means of selected nutrients and di etary compo­
nents contributing to iron bi oavai labil ity in  meals consumed by 
adolescent males are presented in  Table 3. Analyses of nutri ent 
intakes expressed per 1000 kcal also are presented for meals in  
Tabl e 3. The breakfast meal was consumed by 69% of the mal es on the 
day of the survey. About 88% had lunch, and 95% ate the evening meal. 
Energy and protein i ntakes were hi ghest at the evening meal. Iron 
intakes were highest at the evening meal but were not different be­
tween breakfast and lunch. Contribut ion of the hi ghly available 
heme iron was very low at breakfast meals consumed by males and 
represented an average 5. 9% of total breakfast dietary iron intake. 
TABLE 3 
Least-squares means of selected nutri ents and d i etary factors contributing to i ron bioava i labi l i ty in mea l s  of adolescent mal es 1 • 2 
facto[ Breakfil$t3 bUllth4 Eveniu5 
Meals 
l!re"f�st3 Ltmcti4 t;vsnins5 
--------------- -- Intake------------------- --- --------- - lntake/ 1 000 kcal --------------
Energy ( kcal )  495±48a 880±40b l039±38c 
Protein ( g) 1 5±2a 36± 2b 44±2' 29± 2a 35t l b 37t l
b 
Ascorb i c aci d  (1119) 42t9a 1 6± 7b 39±7a 49± 10a l 5± 7b 35t 7a 
I ron (mg) 3. 4±0. 4a 4. 3±0. la 6 . 6±0 . 3b 5 . 4±0. 3a 4 . 2±0 . 2b 5 . 6±0 . 3
a 
Nonheme i ron (mg) 3 . 2±0. 4a 3.7±0. Ja 5 . 6±0 . 3b 4 .  9±0. 3a 3. 6±0.  2b 4 . 7±0. 2a 
Heme i ron (mg)  0. 2±0 . l a 0. 6±0. l b ·1 . 1 ±0. l c O. 5±0. l a 0. 6±0. l a o. 9±0. l b 
Heat, fish,  poul try (g)  1 3±8a 65±6b 1 07±6c 
Enhanc i ng factors ( un i ts )  55± l l a 80± 1 0a 1 45±9b 
Absorbab le  nonheme i ron (mg)  O.  1 7±0. 02a 0. 2610. ozb o . n!o. 02c 0. 30±0. 02 ab o. 25±0 .02
a 0 . 34±0. 02b 
Bioavai l ab i l i ty of nonheme i ron (1)6 5 . 4±0. Za 6 . 6±0. 2b 7 . 310. 2' 
Absorbab l e  heme i ron (mg)  0 . 04±0. 02a o. 1 4±0. ozb 0 . 2510. ot O. l 2±0 . 02a o. l4±0 . 02a 0. 2l±0. 02
b 
Total absorbabl e  i ron (mg)  0. 22±0. 04a o. 4l±0 .03b 0 . 66±0 . 03c 0. 42±0. 03a 0. 39±0 .03a 0. 55±0. 03b 
Bioava i l ab i l i ty of i ron (% )6 6 . 1±0. 3a 8. 5!.0. 3b 9 . 8±0 . 3c 
1 Least- squares means ±SE of data from random sample  of 1 1 3  ma l es in 7 h i gh schools  i n  eastern Tennessee ( 3 rural ,  4 metropol i tan ) . 
2Heans w i thin the same row wi thin groups hav ing di fferent supersc ripts d i ffer (p < 0 . 05)  as tes ted by l eas t-squares analys i s  of  
vari ance wi th contrast. -
3n .. 78. 
4n= l00 .  
5n• l 07 .  
60nly subjects who consumed foods that conta i ned i ron were i ncl uded i n  cal cul ation of means ; n=75 breakfas t . n= l OO l unch . n=l 07 
eveni ng meal . 
+=o 
w 
TABLE 4 
Leas t- squa res mea ns of selected nutrients and dieta ry factors contributi ng to i ron bioava i l ab i l i ty i n  meal s  of adolescent females 1 • 2 
Fac�r Breakfast3 Lune.hi 
Meals 
fve�ios5 lr.@ak{Htl
 lunc:h4 Evenings 
--- -------------- Intake---- --------------- --- ---------- Intake/ 1000 kcal -------------- --
Energy ( kca l )  371 :t431 67h3r> 738± 33b 
Protei n  ( g )  9:tt1 24±t> 30±2c 1 9t1 a 21 1 1 a 26± l b 
Ascorb i c ac i d  (mg) 32±5. 1 6±51 22±41 J8.t6
a 
1 5±5b 1 9±4b 
I ron (mg) 2. l ±0 . 3
a 3 . 7±0. t 4 . 9±0. 2c 3. 6±0. 2
ab 
3 . 3±0 . 2a 4 . l ±0. 2b 
Nonheme i ron (mg )  2 . 0±0. 31 3. 2±0 . 2b 4. l ±0 . 2c 3 . 2±0. 2
1t 
2 . 9±0. l a 3 . 4±0. l b 
Heme i ron (119) 0 . 2±0.  l a 0. 5±0. l b 0 .8±0. l c 0 . 4±0. la 0 . 4±0. l a . b o. 7±0. l 
Meat ,  fi sh,  poul try ( g) 1 0±71 49±6b 7
1:t
SC 
Enhanc i ng factors ( un i ts )  43±91 65±8
1 93:t7b 
Absorbabl e  nonheme 1·ron (mg )  0 . 09±0. 021 0. 23±0. 02b 0. 29±0. 02c 0. 1 9±0. 0l
a 0. 20±0. 0l a 0 . 24:tO . Ol b 
B ioava i l ab i l i ty of nonheme i ron ( i ) 6 4 . 8±0. 3i 6 . 5±0. 2b 6 . 8±0. 2b -- -- --
Absorbab l e  heme i ron (mg) 0 . 04±0. 02a o. l l !0 . 02b 0. 1 8±0 . 0l c 0 . 09.±0 . 02a 0. 1 0±0 . 0l a 0. 1 5±0 . 0l b 
Total absorbabl e  i ron (mg) O .  l 3t0. 04a o. 34±0. 03b 0. 47±0. 03C 0. 28±0 . 03a 0. 30±0. 021 o . 39:to . 02b 
Bioava i l ab i l i ty of i ron (i ) 6 5 . 9±0. 41 8 . 3±0. 4b 9 .0±0. 3b 
1 Lea st- squares means ±SE of data from random sample of 1 1 1  females in 7 h i gh school s  in eas tern Tennessee ( 3  rural .  4 metropol i ta n) . 
2Means w i th in  the same row w ithin  groups hav ing di fferent superscr ipts d i ffer (p < 0 . 05 )  as tested by l east-squares ana l ys i s  
of  va ri ance w i th contrast. 
-
3nE70. 
4n=88. 
5n=l 03 .  
6only subjects who consumed foods that conta i ned i ron were i ncl uded in  cal cul a tion of means ; n=70 breakfa st ,  n=83 l unch ,  n= l 03 
eveni ng meal .  +=a 
� 
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Thus., absorbable heme iron represented a small percentage of total 
absorbable iron at breakfast . Nonheme iron comprised 94% of the 
total dietary iron consumed at breakfast but was moderately absorbed . 
Ascorbic acid intakes were high at breakfast but the consumption of 
meat, fish, or poultry foods was low . The low intake of these meat, 
fish, or poultry components contributed. to the low bioavailability 
of nonheme iron (5 . 4%) at breakfast . Low iron intake, low iron bio­
availability, and low amounts of total absorbable iron were most 
apparent at the breakfast meal . 
Lunch meals of adolescent males contained the lowest amount 
of ascorbic acid . Intake of the other nutrients and factors, 
except ·for total iron and nonheme iron, · were higher at lunch than at 
breakfast but were lower than intakes of all nutrients and dietary 
factors at the evening meal . 
at lunch met one-third RDA . 
Neither iron nor ascorbic acid intakes 
Nutrient intakes per 1000 kcal in 
Table 3 show that ascorbic acid and iron intakes at the lunch meal 
were lower than intakes at breakfast and the evening meal and did 
not meet recommendations for dietary adequacy . 
Values of absorbable heme and total absorbable iron, based on 
energy intake, were higher at the evening meal than other meals . 
Meal patterns of adolescent males suggest that iron intakes were in­
adequate at all meals yet patterns at the evening meal tended to 
approach desirable patterns which favor increased iron bioavail­
ability . The consumption of meat, fish, or poultry foods and ascorbic 
acid were high at the evening meal contributing to enhancement of 
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nonheme iron bioavailability. Heme iron, nonheme iron, and nonheme 
i ran absorption a 1 so were {highest at the evening mea 1. Tota 1 i ran bio­
ava i l ability and total absorbable iron were highest at the evening meal, 
indicating the importance of animal tissue foods in iron bioavail­
ability. Iron intakes at the evening meal contributed 41% to the 
total iron intake of the 24-hour period, and absorbable iron from the 
evening meal represented 48% of the day ' s  total of absorbable iron. 
Table . 4 contains least-squares means of meal-defined eating 
occasions in adolescent females. A breakfast meal was consumed by 
63% of the respondents ; protein and iron intakes were lowest at this 
meal. About 79% of the females consumed lunch, and 93% ate an evening 
meal. While energy intakes were not different between lunch and the 
evening meal, protein and iron intakes were lower at lunch than in 
the evening meal. Contribution of heme iron to total iron at break­
fast was lowest (4. 8%) of the three meal occasions. Nonheme iron 
content also was different among the three meal occasions but did 
comprise the majority of dietary iron consumed at all meals. Thus, 
eating patterns that affect iron bioavailability are important to 
understand. 
Intakes of ascorbic acid were no t different among the meal 
occasions but the consumption of meat, fish, and poultry foods did 
differ and was highest at the evening meal. Absorbable heme iron 
averaged 25% of total absorbable iron of breakfast meals and over 
one-third of total absorbable iron at the other meals. Percentage 
of nonheme iron bioavailability was lowest at breakfast (4. 8%). 
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Patterns between l unch and the eveni ng meal were not di fferen t wi th 
respect to nonheme i ron b i oava i l ab i l i ty , but amounts of absorbabl e 
no nheme i ron were di fferent between l unch and the even i n g meal due 
to di ffe rences i n  nonheme i ron con tent of these meal s .  Therefore , 
total absorbab l e i ron was di fferent among al l meal occas i ons , and 
bioavai l ab i l i ty percentages for l unch an d the even i ng meal occas i ons 
di ffered from brea kfas t .  Percentage of b i oavai l abl e i ron a t  brea k­
fast  was cons i derab ly l es s  th an 1 0% ,  but approached th i s  l eve l at 
the l unch and the eveni ng meal . 
Ana lys i s  of nutri ents per 1 000 kcal i ndi cates that nutri ent 
dens i ty fo r i ron was ve ry l ow i n  compa ri son to recommendati ons . Be­
cause femal es cons ume l ess food ene rgy than ma l es , they need to con­
sume 8 . 6 mg i ron/ 1 000 kca l ( 85 ) . As corbi c aci d i ntakes we re adeq uate 
i n  nutri ent dens i ty at breakfas t on ly . Ado l escent fema l es '  di etary 
patterns were l ow i n  tota l i ron and were not of adequate nu tri ent 
dens i ty .  Accordi ng to Ha l l berg ( 56 ) , menstruati ng femal es need to 
absorb 1 .  1 mg i ron/ 1 000 kca l , ass umi ng a 2000 kca l i nta ke . None of 
the mea l occas i ons approached th i s  va l ue .  
Descripti on of Nutri ents and Di eta ry Facto rs of Snacks 
Data i n  Tabl e 5 repres ent l eas t- squares means of the fi rs t 
snac k cons umed i n  a time peri od (morn i ng ,  afte rnoon , eveni ng ) by 
adol es cent ma l es . Snacks contri buted s ubstant i al amoun ts of energy 
but were l ow i n  total i ron an d pe rcentages of i ron b i oava i l abi l i ty .  
The i ron i n  s nacks was mos tly nonheme i ron . Iron from meat , fi sh , 
Eic!Qr 
TABLE 5 
Intakes of selected nutrients and dietary factors contributing to i ron b i oava i l ab i l i ty 
i n  snacks of adol escent ma les and femalesl , 2 
Snacks 
Males females 
Nornif!513 Aft!rn!um
4 Er1ntns5 ltPf!li!!9
3 Afternoon4 {veging5 
-- --------Least-Squares Means ± SE---------- -- -- -----Least Squares Means ± SE-- -- - --------
Energy ( kca l )  421:!. 641 441 :t391 440±38a 21 9±601 334±381 359±371 
Protein  ( g )  7±2a 1 h1 1 l O± l a 2±2a 6±1 ab 8±1
b 
Ascorbic acid  (mg) 7±61 1 9±41 1 9±3a 4±5
ab 
4±3a 1 4±3b 
Iron (mg)  1 . 2±0. 3a 1 . 9±0. 21 1 . 3±0. 2a 0 . 7±0. 5a 1 . 1 ±0 . 31 1 . 5±0. 31 
Nonheme i ron (mg) 1 . 2:tO. 31 1 . 7±0. 21 1 . 1 10. 21 0 . 7±0. 51 1 . 1 ±0 . 31 l . 4±0. 3a 
Heme i ron (mg)  0. 1 :tO. la 0. 2±0. 01 0. 1 ±0 . 01 0 . 0±0. 1 1 0 . 1 ±0 .01 O. 1 ±0 .0a 
Meat,  fi sh ,  poul try ( gJ�  5± 71 1 8±4a 1 1 ±4a 0±5 . 01 5±31 7.±31 
Enhanci ng f�ctors ( uni ts )  1 2±91 37t5b 30±5ab 4±71 9±5ab 21±5 b 
Absorbable  nonheme i ron (mg) 0. 06±0. 02ab O. 1 0±0. 0l a 0 .06±0. 0l b 0. 02±0. 031 0. 04:t.0. 021 o. 01±0 . 02a 
Bioava1 1 abi l i ty of nonheme i ron (i )7 3. 7±0 . 4a 5 . l t0. 3b 4 . 4±0 . :fb 3. 5±0. 4a 4 . 1 ±0 . 21 4 .  1 ±0 .  21 
Absorbabl e  heme i ron (1119) 0 . 02±0. 021 0 . 0510 .0l a 0. 03±0. 0l a 0. 00±0.0l a 0 .02±0. 0l a 0 . 02±0 .0l a 
Total absorbabl e  i ron (mg) o. os±o .ofb O. 1 5±0. 02a 0 . 08±0 . 02b 0 . 02±0 . 04a 0 .06±0 . 02a 0 . 09±0 . 02a 
Bioava i l abi l i ty of i ron (1)7 4 . 0±0. 71 5 . 9.t0. 4b 4 . 8±0 . 4 ab 3 . 6:t.0. 6a 4 . 5±0 . 41 4 . 5±0. 4
a 
1
Random sample of 1 1 3 ma l es and 1 1 1  fema l es in 7 h igh school s i n  eastern Tennessee ( 3  rural , 4 metropol i tan ) . 
2Means wi thin the same row withi n groups hav i ng di fferent superscripts d i ffer (p < 0. 05 ) as tested by l eas t-squares analys i s  of  
vari ance wi th contrast .  
-
3n•33 mal es , n=33 femal es . 
4n=73 ma les , n=68 femal es .  
5n=76 males , n=70 femal es . 
6Leas t- squares mean at morning snack was s l i ghtly negat i ve for fema les .  
7only subjects who consumed foods that conta i ned i ron were i ncl uded in  ca l cul ation of mean ;  n=27 morn i ng ,  n=58 afternoon , n=60 
even ing for n�les ;  n=27 morning ,  n=55 afternoon , n=62 eveni ng for females .  
+::a 
(X) 
49 
and poul try foods contributed l ittl e  to total iron. Al l snacks con­
sumed in these time periods contained l ow amounts of ascorbic acid. 
The total amounts of enhancing factors were l ow in the diet, thus 
nonheme iron bioavail abil ity of snacks was l ow. Percentage of bio­
avail abl e iron tended to be higher in afternoon snacks than in 
morning snacks but was . not significantl y  higher than that in evening 
snacks. Percentage of nonheme iron b ioava i 1 abi 1 i ty was not different 
between afternoon and evening snacks, but absorbabl e  nonheme iron 
was different. Because afternoon and evening snacks were different 
in tenns of total absorbabl e  iron, and afternoon and morning snacks 
were different in rel'ation to iron bioavail abil ity, the combinations 
of enhancing factors, ascorbic acid, and meat, fish, and poul try, 
probabl y affected these differences. 
It appears that snacks consumed by adol escent mal es were l ow 
in nutrient density for protein, iron, and ascorbic acid. None of 
the snack occasions met recommended nutrient level s for those 
nutrients. Anal yses of nutrients per 1000 kcal reveal ed no differ­
ences (p .! 0. 05) in nutrient content among snack occasions. 
In Tabl e 5, the l east-squares means of the first snack con­
sumed by adol escent femal es in a time period are presented. Differ­
ences were found among snack occasions for intakes of protein, 
ascorbic acid, and enhancing factors. Overal l ,  iron content of 
snacks was very l ow, and al though the nonheme fraction of iron 
formed the majority of iron in snacks, percentage of nonheme iron 
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bioavailability was at the low end of the potential range of nonheme · 
iron bioavailability. As was present in snacks consumed by adoles­
cent males, snacks consumed by adolescent females provided sub­
stantial amounts of energy to the diet yet were low in total iron 
and contributed little to total absorbable iron. 
Table 5 indicates that similar percentages of males and fe­
males consumed a snack in each time period. About 29% of the sample 
consumed a morning snack, 63% an afternoon snack, and 65% an evening 
snack . It is apparent from the data that a single snack occasion 
contributed reasonable amounts of food energy to the total diet, 
about as much as breakfast meals contributed to males' and females' 
diets. However, snacks were low in nutrient density for iron, pro­
tein, and ascorbic acid. 
Evaluation of Dietary Patterns and Iron Bioavailability 
In evaluation of dietary patterns affecting iron bioavail­
ability, the amount of total absorbable iron is the most pertinent 
value to use in assessing dietary iron adequacy. Evaluations of the 
subsamples of adolescent males and females selected on the basis of 
high or low total absorbable dietary iron are presented _ in Tables 6 
and 7. 
Differences were found among all nutrients and dietary 
components between males who had patterns contributing to low 
amounts of total absorbable iron and males who had patterns of high 
amounts of total absorbable iron. Intake of iron evaluated from 
TABLE 6 
Mean intakes of sel ected nutri ents and di etary factors contri buti ng to absorbab l e  i ron i n  d iets of adol escent males 1 •2 
Factor 
Energy ( kcal )  
Prote in  ( g )  
Ascorbic ac id  (mg) 
I ron (mg)  
Nonheme i ron (mg)  
Heme i ron (mg) 
Meat . fish. poul try ( g )  
Absorbable  no�etne i ron (mg) 
Absorbab le  heme iron (mg) 
Tota l abso rbabl e i ron (mg) 
Bioa va i l ab i l i ty of i ron (1)  
Low Ab sorbable3 
Inn 
H i gh Absorbabl e4 
!rwJ 
-------------- Intake-----------------
2605± 1 001 a 401 1 ± 1 1 73b 
86± 31 a 1 48± 39
b 
67.± 1 201 1 82± 1 72b 
1 1 . 6t3 . s1 23 . 6i4 , 7b 
1 0 . 7.±3 . 9a 20. 2±4 . 6b 
0 . 9±0. Sa 3 . 4! 1 . 3b 
1 05.±681 302± 1 44b 
0. 6010. 1 41 1 . 43±0. 31 b 
0 . 21 .±0. l l a o. 77±0. 31 b 
0. 81 .±0. 1 21 2 . 2010 . 45b 
7 . 5±2 . 0a 9 . 4± 1 . 2b 
Low Absorb able3 H i gh Absorbabl e4 
1nm tron 
---------- lntake/ 1000 kca l -----------
35±9a 36x71 
23132a 49±5l b 
4 . Bil . 5a . 6 . 1 t1 . 2b 
4 . 4± 1 . Sa 5 . 2±1 . 2
b 
0 . 4±0 . 4a 0 . 910. 4b 
-- --
o. 2s10 .osa 0. 37.t0 . 081> 
0 . 10±0. 0Ba 0 . 20±0 . 0Bb 
0 . 3510. 1 4a o. 58±0. l Jb 
1 Means 1 SD of da ta from random sample o f  7 h i gh school s ( 3 rura l ,  4 metropo l i tan) ; 24-hour food records . 
2Heans w i thin  the same row w i th in  groups hav ing d i fferent superscripts di ffer ( p  � 0. 05)  as tes ted by analysi s of 
va ri ance. 
3n=28. 
4n=28. 
u, ..... 
TABLE 7 
Hean intakes of sel ected nutrients and dietary factors contributi ng to absorbabl e  i ron in diets of adol escent femal esl,2 
Low Absorbabl e3 
factor Iron 
. 
4 Hi gh Absorbab l e  
Jro-n 
Low Absorbabl e3 High Absorbabl e4 
Iron I ron 
-------------- I ntake----------------- ---------- I ntake/ 1000 kcal --------- --
Energy ( kca l ) l 471 ±469a 2829± 930b -- --
Prote in  (g )  43± 1 31 95±36b 3l ± l oa' 34±7a 
Ascorbi c  acid  (1119) 26:t l Ja 95±85b 19± 1 2a 35±33b 
I ron (119 )  1 . 2t2. 3a 1 7 . 01°6. 2b 5 .0il . 01 6 . Jt2 . ob 
Nonheme iron (mg )  6. 6±2 . Sa l 4 . 7± 5 . 9b 4 . 5±0. 9a 5 . 4± 1 . 9b 
Heme i ron (1119 )  0. 6±0 .4a 2 . 3± 1 . cf  0 . 5:t0. 5a 0. 9±0. 4b 
Meat ,  fi sh , poul try ( g )  66±49a 1 96±851> 
Absorbabl e  nonheme i ron (mg) 0 .  34±0. l Oa 0. 98iO . J2b 0. 24±0 .06a O. 36±0. l Ob 
Absorbable  heme i ron (mg) O. l 3±0 . 09a 0. 52±0. 2Jb 0. 1 1 ±0 .  l l a 0. 20±0 . oab 
Tota l absorbable i ron ( mg )  o. 47±0. 1 3a 1 . 5l ±0. 4 2b 0. 35±0. l 6a 0. 56±0. l Jb 
Bioa va i l ab i l i ty of i ron (t )  7 . 1 ±2 . Sa 9 . l :t l . 4b 
1Heans ± SD of data from random saq;>le  of 7 high school s  ( 3 rura l ,  4 metropol i tan) ; 24-hour food records.  
2Means wi thin the same row wi th i n  groups having d ifferent superscri pts di ffer ( p  < 0 .05)  as tested by analys i s  
of vari ance . -
3nc28. 
4n=28. 
(.J1 
N 
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24-hour food records indicated that mean iron intake from the group 
with low patterns was considerably less than the recolTITlended 18 mg, 
but the mean iron intake of 23. 6 mg in the group with high amounts of 
total absorbable iron exceeded recormnended levels. Contribution of 
heme iron from meat, fish , and poultry foods and ascorbic acid 
was significantly higher in dietary patterns of males who had high 
amounts of total absorbable iron. The consumption of meat, fish, 
and poultry foods by the group with low amounts of total absorbable 
iron was about 3. 5 oz. in the 24-hour period; about 8% of total iron 
was represented by the heme fonn of iron from these foods. Selection 
of animal tissue foods low in iron probably was the reason for this 
value. On the other hand, the group with the high amounts of total 
absorbable iron had about 10. 5 oz. of meat, fish, and poultry, which 
provided about 14% of total iron as heme iron. Differences in 
ascorbic acid values indicate that levels of intake in both groups 
met the RDA but were exceedingly high among those with high amounts 
of absorbable iron. Percentage of bioavailable iron approached 10%, 
and total absorbable iron (2. 20 mg) met desirable levels in this group. 
The group with low amounts of total absorbable iron ( 0. 81 mg ) had a 
value for iron bioavailability that was considerably less than 10%. 
Their caloric intake was low, and many had relatively few eating 
occasions on the day of the survey. 
In Table 6 are results of the nutrient analyses per 1000 kcal. 
Results indicated that diets with a high quantity of total absorbable 
iron approached the recorrunended 6. 4 mg iron/1000 kcal and were more 
nutrient dense for nonheme iron, heme iron, and ascorbic acid than 
were diets with a low quantity of total absorbable iron . The 
nutrient density data suggest that the two groups of subjects had 
different dietary patterns that cannot be explained by differences 
in energy intake . Diets of adolescent males exhibited patterns 
that enhanced iron absorption when meat, fish, or poultry foods were 
included in large amounts and in combination with foods rich in 
ascorbic acid . Thus, some adolescent males did .exhibit dietary 
patterns that contributed to desirable levels of absorbable iron . 
These patterns reflected high intakes of energy,, animal tissue 
foods, iron, and ascorbic acid . 
Adolescent females who followed dietary patterns that con­
tributed to high iron absorption had significantly higher intakes of 
the selected nutrients and dietary factors than did females whose 
diets were low in total absorbable iron . The mean intake of 1 7  mg 
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iron in this group approached the RDA of 18  mg, and the 1 . 5 mg absorb­
able iron met recofllllendations for adolescent females . The mean iron 
intake of 7 . 2 mg was an extremely low daily intake of iron for females 
in the low group, and 0 . 47 mg absorbable iron was · i nadequate to support 
iron balance . Meal patterns between groups show that about 6 . 5 oz . 
of meat, fish, and poultry foods _ were consumed by individuals wi th 
high amounts of absorbable iron while only 2 . 2 oz .  of these foods was 
the mean intake in the low group . Contribution of 2. 3 mg heme iron 
to 1 7 . 0  mg total iron was at a reasonable percentage of 14%, within 
the expected range present in most Western diets (56) . There were 
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significant differences in ascorbic acid intakes between groups, and 
the mean intake of 26 mg in the low group was considerably less than 
the RDA. Percentage of bioavailable iron for both groups was less 
than the expected 10%� but approached this value in the group with 
high amounts of total absorbable iron. 
Differences between groups for nutrients/1000 kcal in Table 7 
show that adolescent females in the high group consumed 6 mg iron/ 
1000 kcal, still below the suggested 8.6 mg iron/1000 kcal (85) . 
Nutrient density of ascorbic acid was significantly different between 
groups and was inadequate in the group with low amounts of total 
absorbable iron. Nutrient density of absorbable iron was insufficient 
in both groups of females based on the recommended 1. 1 mg absorbable 
iron/ 1000 kcal to meet the needs of adolescent females (56). 
On the basis of selecting dietary patterns that enhanced iron 
bioavailability, some adolescent females approached adequate iron 
intakes and absorbable iron. High amounts of absorbable iron 
probably were most related to the inclusion of meat, fish, and 
poultry foods that enhance nonheme iron bioavailability. The 
nutrient density data also suggest that dietary patterns of these 
adolescent males and females were very similar .  That is, the males 
who were in the low group based on amounts of absorbable iron had 
diets similar in nutrient density to females in the low group ; diets 
of the high groups also were similar. Thus, gender does not appear 
to be an important factor in explaining different patterns of total 
absorbable iron. The mean energy intakes by adolescent males and 
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and females who exhibited adequate levels of absorbable iron were 
unusually high, but not atypical of adolescents . Males who consumed 
high amounts of energy had high amounts of total absorbable iron. 
Adequate amounts of absorbable iron still would be present in their 
diets if energy intakes approximated the recommended 3000 kcal. 
Females who consumed high amounts of energy had high amounts of 
total absorbable iron, but absorbable iron would be inadequate if 
energy intakes approximated the recommended 2000 kcal for females . 
Subsamples of adolescent males and females exhibiting the 
lowest and highest percentages for iron bioavailability also were 
analyzed . It was believed that determination of the percentage of 
iron bioavailability would be a good measure of dietary iron ade­
quacy . Inspection of diets of high bioavailability would thus reveal 
desirable patterns. However, results of this study suggest that 
although percentage of iron bioavailability reflects total absorbable 
iron, especially when calculated for eating occasions, it is not a 
good indicator of dietary iron adequacy. Data in Tables 8 and 9 
illustrate this point . Energy intakes were significantly lower in 
males and females who consumed diets of high iron bi oavailability ,  
suggesting that iron bioavailability was not a function of energy 
consumption . Scanning of food records indicated that some individuals 
in the high groups tended to have relatively few eating occasions 
daily. If those eating occasions included food combinations of high 
iron bioavailability, such as often were typical of evening meals , 
then those individuals were classified in the high bioavailability 
TABLE 8 
Mean intakes of selected nutrients and dietary factors contributing 
to high and low iron bioavaila bility in diets of 
adolescent malesl, 2 
Factor 
Energy ( kca 1 ) 
Protein ( g) 
Ascorbic acid (mg) 
Iron (mg) 
Nonheme iron (mg) 
Heme i ran (mg) 
Meat, fish, poultry (g) 
Absorbable nonheme 
iron (mg) 
Absorbable heme 
i ran (mg) 
Total a bsorba ble iron (mg) 
Bioavailability of iron (%) 
Low % Iron3 
Bioavaila bility 
High % Iron4 
Bioavailab i lity 
------------Mean ±  SD--------------
3456±1381a 
105±43a 
60±44a 
16. s:t4. 7a 
15. 9±4. 6a 
0. 9±0. 6a 
109±sga 
0. 86±0. 28a 
0. 21±0. 13a 
1. 07±0. 35a 
6. 4±1. 0a 
2s2s±102ob 
102±4 3a 
84±115a 
14.8±6. la 
11. 7±5. ab 
3. l±l. 3b 
278±143b 
0. 89±0. 39a 
0. 71±0. 30b 
1. 60±0. 65b 
10. 9±0. 6b 
1Random sample of 7 high schools { 3  rural, 4 metropolitan) ; 
24-hour food records. 
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2Means within the same row having different superscripts differ 
(p � 0. 05) as tested by analysis of variance. 
3n=28. 
4n=28. 
TABLE 9 
Mean intakes of selected nutrients and dietary factors contributing 
to high and low iron bioavailability in diets of 
adolescent femalesl,2 
Factor 
Low % Iron3 
Bioa vail abil ity 
High % Iron4 
Bioavailability 
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-- ----------Mean ± SD---------------
Energy ( kca 1 ) 2133±85la 1710±675b 
Protein (g) 55±24a 61±25a 
Ascorbic acid (mg) 53±49a 70±103a 
Iron (mg) 11. 2±5. 2a 9. 3±4. 0a 
Nonheme iron (mg) 10. 7±4. 9a 7. 3±3. 2b 
Heme iron (mg) 0. 5±0. 4a 1 .  9±1. ab 
Meat, fish, poultry ( g )  57±44
a 173±77b 
Absorbable nonheme iron (mg) 0. 53±0.26a 0 . 54±0. 25a 
Absorbable heme iron (mg) o .  12±0. , aa 0. 44±0 . 22b 
Total absorb able iron (mg) 0. 65±0. 34a 0. 99±0. 45b 
Bioavailability of iron (%) 5. 7±0. 9a 10. 6±0.7b 
1Random sample of  7 high schools ( 3  rural ,  4 metropolitan) ; 
24-hour food records. 
2Means within the same row having different superscripts dif­
fer (p � 0. 05) as tested by analysis of variance. 
3n=28. 
4n=28. 
group. However, their total iron intakes often were low because of 
the limited amount of food consumed in only one or two eating occa­
sions. Moreover, protein intakes did not differ between high and 
low groups, but intakes of meat, fish, and poultry did, suggesting 
that the groups with low percentages of iron bioavailability relied 
on other sources of protein, such as vegetables and milk products . 
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Inspection of 24-hour food records for the frequency of foods 
consumed supported the idea of different patterns of food consumption 
among groups. Milk and milk products were consumed more often by 
adolescent males with diets of low iron bioavailability than by males 
in the high group . Males in the group with low percentages of iron 
bioavailability consumed an average 2.3 servings of milk and milk 
products. Males in the high group consumed 0.9 servings . There was 
a tendency for adolescents with dietary patterns of low iron bioavail­
ability to consume more processed meat, which is low in iron, than 
did persons with high iron bioavailability. As a group, an average 
0.6 and 0.5 servings of these foods were consumed by males and fe­
males, respectively, in the low bioavailability groups, whereas the 
consumption by mal es and femal es in  the high groups averaged 0 . 3 
servings. Legumes such as peas, beans, and peanut butter were in­
cluded in diets of adolescent males and females with low iron bio­
availability ; 0.9 servings of these foods were included in diets 
of males and 0.7 of the servings were included in diets of females. 
About 0.2 servings of legumes were included in diets of males 
and females with high iron bioavailability percentages . These 
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findings illustrate that nonheme sources of iron often were 
consumed in diets of low iron bioavailability, and other patterns 
were not conducive to enhanced nonheme iron bioavailability. 
There has been a trend to emphasize the importance of meat, 
fish, and poultry in the diet as an enhancer of nonheme iron bio­
availability; however, it has been shown that ascorbic acid has as 
great an effect as meat has on nonheme iron absorption when included 
in a vegetarian meal. Absorption of nonheme iron was higher from a 
vegetarian meal containing 74 mg ascorbic acid than nonheme iron 
absorption from a meal containing meat (51). Consumption of 
vegetarian-type diets and those low in animal tissue foods may be 
popular in this region. Adolescents who had low values of absorb­
able iron and low percentages of iron bioavailability tended to con­
sume fewer meals containing meat than did adolescents in high absorb­
able and iron bioavailability groups. Ascorbic acid levels also 
were low, thus nonheme iron absorption was not enhanced. 
Limitations of Study 
The Monsen and Bali ntfy model (73) , on which the methodology 
of this study was based, does not consider the effect of dietary 
inhibitors on total iron bioavailability. The presence of some in­
hibitors in the diet may be a common occurrence and so shou l d  be 
included in evaluation of dietary iron bioavailability. Tea, a 
known potent inhibitor, was consumed by 19% of the adolescents in 
an eating occasion with food. Five of these adolescents consumed 
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tea at more than one eating occasion . Although tea was not consumed 
by a large number of adolescents in this study, tea is a very popular 
beverage among adults in this region . Thus, the impact of tea drink­
ing on iron bioavailability may be more significant with other age 
groups in the population than with adolescents . Other inhibitors 
of iron bioavailability such as coffee, egg, bran, soy, and EDTA, 
also should be evaluated in tenns of their presence in dietary 
patterns . 
CHAPTER V 
IMPL ICATIONS 
In interpretation and use of the Reconmended Dietary Allow­
ances as guidelines for evaluation of food consumption data of 
groups, it is assumed that diets low in nutrients could lead to 
marginal nutrient deficiencies over a period of time . While a 
margin of safety has been incorporated in the RDA, the margin may 
be more narrow for iron than for many other nutrients . Achievement 
of the elusive 18  mg iron allowance by dietary means is difficult 
for some persons, a fact supported by the prevalence of iron defi­
ciency in various populations . Based on evidence of nutrient bio­
availability, researchers and nutritionists have recommended analysis 
of dietary patterns in terms of iron bioavailability . With the 
existence of a model to estimate available dietary iron, dietary 
patterns potentiating . iron ' s  absorption can be identified and util­
ized in making recommendations, especially to groups whose dietary 
iron intake is marginal . Thus, recommendations to improve bioavail­
ability of dietary iron i ntakes involve i nspection of food consump­
tion patterns and eating occasions . 
Results of this study of adolescents i n  eastern Tennessee show 
that mean 24-hour dietary iron intakes of males approximated the RDA, · 
but bioavailability of iron was l ess than 1 0%, possibly resulting in 
less than desirable levels of total absorbable iron available to the 
body . Mean 24-hour dietary iron intake by adolescent females was 
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less than two-thirds of the RDA for iron, and the amount of total 
absorbable iron available from the diet also was below recommended 
amounts. Inadequacy of iron, determined by total iron intake and 
by calculated iron bioavailability, was apparent for both males and 
females. The findings of this study revealed that the consumption 
of some meals and snacks contributed little to enhancing iron bio­
availability. Evaluation of adolescents ' food habits revealed that 
the inclusion of meat , fish, and poultry was higher in meals with 
higher amounts of absorbable iron than in those meals with lower 
amounts of absorbable iron. Because patterns differed among eating 
occasions, recommendations for dietary changes are specific for 
meals and snacks. 
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Ascorbic acid content was highest at breakfast meals of both 
males and females but not in amounts sufficient to maximize absorp­
tion of nonheme iron , the primary �ource of iron at breakfast. Con­
sumption of total iron and meat, fish, and poultry was low at break­
fast . Quality of breakfast could be improved by increasing amounts 
of ascorbic acid and adding a small serving of meat, fish, or poultry 
that would not only provide some highly available heme iron but 
also would increase absorption of nonheme iron. 
Lunch meals were lowest in . ascorbic acid content. Bioavail­
ability of iron could be improved by including good sources of 
ascorbic acid at this meal. The nutrient density of total iron was 
low, but consumption of meat, fish, and poultry was adequate. The 
promotion of consumption of foods adequate in iron and foods high in 
ascorbic acid is advisable. 
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I ron i nta kes and cons umpti on of an i mal  ti ssue foods were 
hi ghest at eveni ng meal s .  Asco rbi c ac i d  i ntakes were hi gh at eveni ng 
meal s cons umed by ma l es but not i n  those of femal es . I ron i ntakes 
and tota l absorbabl e i ron i n  even i ng mea l s of ado l escents were 
h i gher than at the other meal s but sti l l be l ow recommended l eve l s .  
Eveni ng mea l patterns o f  adol escents approached des i rabl e patterns 
·· wh i ch favor i ncreased i ron b i oavai l abi l i ty ,  attri butabl e to the con­
. sumpti on of ani ma l  ti ssue foods . 
Choi ces of snac.k foods enhanci ng i ron bi oavai l ab i l i ty have the 
potenti al to contri b ute to the tota l da i ly absorbabl e i ron . The 
total i ron content of the fi rst snack cons umed i n  a time peri od was 
l ow among these snacks consumed by mal es and femal es .  Meat , fi sh , and 
pou l try con tent of snack occas i ons was l ow ,  suggesti ng that the poorl y 
avai l abl e no nheme i ron compri sed the majori ty of i ron i n  snacks . 
I ncl u s i on of  a good  source of  ascorb i c  ac i d  wou l d  si gni fi cantl y 
enha nce the absorpt ion  of  the nonheme i ron . Adol escents ' i ntake of 
ascorbi c  aci d from snacks was l ow ;  therefore ado l escents s hou l d be 
advi sed to choose j ui ce or  frui t hi gh in ascorb i c ac i d  as an 
accompani ment to snacks . Adol escents frequently consume mea l s  and 
snacks at fast food eati ng es tabl i s hments that offer a l i mi ted vari ety 
of beverages . J u i ce beverages may be avai l abl e at brea kfast ti me 
but are not wi dely  promoted as beverage cho i ces fo r other eati ng 
occas i ons . Ava i l abi l i ty of j u i ces and frui t dri n ks at these restaur­
ants shou l d be encouraged . 
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Findings of this study indicate that some adolescents did 
consume diets of adequate amounts of iron and/or of enhanced iron 
bioavailability. Dietary patterns of males and females with desired 
levels of total absorbable iron appeared to include high amounts of 
ascorbic acid and meat, fish, and poultry foods. 
patterns tended toward a high nutrient density. 
Thus, eating 
Dietary patterns 
consistent with low amounts of absorbable iron were related to an 
overall low intake of iron, a low frequency of eating occasions, 
and/or low consumption of factors enhancing iron bioavailability . 
A low intake of meat, fish , and poultry foods often is associ­
ated with a high intake of legumes and is common to this region of 
the country. For such diets or for vegetarian-type diets, high 
amounts of ascorbic acid can contribute to enhanced iron bioavail­
ability, and intake of ascorbic acid-rich foods should be encouraged 
at each meal. 
Substantial improvement of iron bioavailability from meals 
might be expected when consumption of the enhancing factors is in­
creased. However, because of some adolescent females' low iron 
intake, increased iron bioavailability may not be sufficient to 
improve their dietary iron status . Thus, adolescent females can 
improve dietary patterns enhancing iron bioavailability by increasing 
their intake of dietary iron and their intakes of enhancing factors. 
CHAPTER V I  
SUMMARY 
The purpose of this study was to describe the bioavailability 
of dietary iron in adolescents ' diets by comparing total iron intake 
values calculated from a table of food composition and values of 
total absorbable iron that are dependent on eating patterns. Dietary 
intake data were collected with 24-hour food records from 224 adoles­
cents attending high schools in eastern Tennessee . 
A high correlation was obtained between the two methods of 
calculating dietary iron intake, resulting in similar assessment of 
dietary iron adequacy. Mean iron intakes of males and females were 
below recorrrnendations for total iron, and the mean bioavailability 
percentage of dietary iron was less than the generally assumed 1 0%. 
Thus, values of total absorbable iron in diets of males and females 
also were less than desirable levels.  
Analysis of eating occasions, which is necessary to detennine 
amounts of absorbable iron, identified differing patterns among eat­
ing occasions. Adolescent males consumed evening meals that were 
of high iron bioavailability and desirable levels for absorbable 
iron for the amount of energy consumed . Adolescent females consumed 
· evening meals that were of higher iron bioavailability than their 
other meals but lower than recommended levels . Breakfast meal 
patterns of both males and females had the lowest percentages of iron 
bioavailability and amounts of absorbable iron among the meal 
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occas i ons . Di etary patterns of l unch mea l s  consumed by adol escent 
ma l es and femal es had the l owest  nutri ent  dens i ty of tota l i ron but 
provi ded more absorbabl e  i ron than breakfast .  Snack occa s i ons , wh i c h  
occurred severa l ti mes per day , typ i cal l y  were l ow i n  nutri ents and 
di etary components con tri buti ng to i ron b i oa vai l abi l i ty .  However , 
food energy provi ded by s nacks was s i gn i fi cant ;  therefore , i ron con-
. tent and i ron b i oavai l abi l i ty of snacks shoul d be i mp roved . 
Ana lyses of adol escents ' di etary patterns cons i s tent wi th 
n i gh l eve l s  of absorbabl e i ron and percentages of i ron bioavai l abi l i ty 
i ndi cated hi gher cons umpti on of meat , fi sh , and pou l try foods than  
i n  di ets of those wi th 1 ow percentages of i ron b i oavai l ab i l i ty and 
l ow amo unts of absorbab l e  i ron . Adol escent ma l es whose di ets met 
des i rab l e  l evel s of absorbabl e i ron had i ron i nta kes i n  excess of the 
RDA , but di ets of ma l es that ach i eved a h i gh percentage of i ron b i o­
avai l ab i l i ty contai ned l ess than the RDA for i ron . Total absorbabl e 
i ron from ma l es '  di ets wi th h i gh percentages .of i ron bi oava i l ab i l i ty 
was adequate , suggesti ng that di etary patterns wi th hi gh percentages 
of i ron b i oava i l abi l i ty are associ ated wi th adeq uate l evel s of absorb­
ab l e  i ron . Es timati on of the amount of  absorbabl e i ron , however ,  i s  
a more accurate meas ure of di etary i ron adequacy tha n  ei ther percent­
age of i ron b i oa vai l ab i l i ty or amount of total i ron . Adol escent 
femal es whose di ets provi ded adequate l evel s . of tota l absorbab l e  i ron 
approached the 1 8  mg RDA for i ron . Di etary patterns of fema l es con­
sumi ng di ets of h i gh i ron bi oavai l ab i l i ty were l ess than adequate for 
i ron as as sessed by the two measures of i ron i ntake . I ncl us i on of 
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more foods that enhance iron bioavailability and more dietary sources 
of iron would improve dietary iron status in adolescent f ales . 
However, mean energy intakes in the groups consuming high amounts 
of total absorbable iron were unusually high and exceeded recommended 
energy intakes . Analysis of intakes per 1 000 kcal suggests that 
dietary patterns of males in the high group were such that amounts 
of absorbable iron still would be adequate if energy intakes were 
approximately 3000 kcal . For females, however, absorbable iron 
would not be adequate with approximately 2000 kcal with current 
dietary patterns . Thus, some differences between the groups with 
high and low amounts of absorbable iron were related to energy in­
take ; other differences, such as the amounts of heme iron, were not 
related to energy intake . 
It was not ascertained from this study wha� foods or food 
groups commonly were eaten by adolescents who exhibited patterns 
of enhanced iron bioavailability . Replication of this study and 
further research on adolescents ' food habits related to iron bioavail­
ability should include identification of these foods . Inclusion of 
foods of animal origin have been identified as enhancers of nonheme 
iron absorption . Consumption of these foods is desirable at all eat­
ing occasions to increase dietary nonheme iron absorption and total 
amounts of absorbable iron . 
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APPENDICES 
A P PEND IX I 
TEEN QUESTIOMNAIRE  
WHAT DO  I EAT? 
Us i ng the fonn on the fo l l owi ng two pa9es � l ease keep track of � food 
and beverages you eat between now and th i s  time tomorrow . You do not need to 
cons i der  water , but i nc l ude everyth i ng e l se - mi l k ,  l ow-ca l or i e soft dri nks , tea , 
coffee , butter , gravy , mayonnai se , ketchup , sa l ad dres s i ng , etc . Try to es timate 
the amounts of food eaten as cl ose ly as pos s i b l e  us i ng corrmon measures - cues , 
ounces , sl i ces , etc . Don ' t  forget to i nc l ude second hel p i ngs . I f  the food i s  
a combi nati o n  of severa l th i ngs , such as pi zza or tos sed sa l ad , descri be the 
i ngred i ents as bes t you can - be a detect ive ! Be sure to i nc l ude a l l the food 
you eat - a t  mea l s  and i n  between - even those 11 tastes 11 and 11 n i bb les'1f'. I t  wi l l  
be eas i es t  to remember what you eat i f  you wri te i t  down as soon as pos s i b l e .  
Take the fonn wi th you today , fi l l  i t  out , and bri ng i t  back to c l as s tomorrow . 
· 1 Schoo l m I 
I �ork ol 
B i g  �·1ac 
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He i ght _____________ ( i nches ) 
Sex (ma l e )  
---(. fema 1 e )  
1 s t time 
Food was eaten 
time a .m ._ p .m ._ 
where 
who prepared 
2nd time 
Food was eaten 
time a .m . _ r, . rn . _  
where 
who prepared 
3rd time 
Food was eaten 
ti me a . m ._ p .m ._ 
where 
who prepared 
4th time 
Food was ea ten 
time a . m ._ p .m ._ 
where 
who prepared 
5th ti me 
Food was eaten 
time a .m. _ p .m ._ 
where 
who prepared 
6th time 
Food was eaten 
t ime a . m .  _ p .m ._ 
where 
who prepared 
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Date -------------
Food Record Fonn 
Wei ght ( pounds ) -------
Age���-----
Food and Des cri pti on Mlount How many peop l e  a te wi th you ?  
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Food and Descri pti on Amount How many peop l e ate wi th vou ? 
7th time 
Food was eaten 
time a . m ._ p .m ._ 
where 
who prepared 
8th time 
Food was eaten 
time a .m ._ p .m ._ 
where 
who prepared 
9th ti me 
Food wa s ea ten 
time a .m .  _ p .m ._ 
where 
who prepared 
1 0th t ime 
Food was eaten 
time a . m ._ p .m ._ 
where 
who prepared 
1 1 th ti me 
Food was eaten 
time a .m .  _ p .m ._ 
where 
who prepared 
1 2tti time 
Food was eaten 
time a . m ._ p . m ._ 
where 
who prepared 
If you ate more than 1 2  t imes use the back of th i s  sheet .  
A P P END I X  I I  
CI RCLE THE LETTER CORRESPOND ING TO THE APPROPRIATE RESPONSE :  
I nfonnat ion About You 
1 .  Sex : a .  ma l e  
b .  fema l e  
2 .  Age : a .  1 5  years 
b .  1 6  years 
c .  1 7  years 
d .  1 8  years 
e .  1 9  years or over 
3 .  Race : a .  Wh i te 
b .  B l ack 
c . As i an 
d .  .Ameri can I nd i an 
e .  H i spani c 
f .  Other ,  p l ease speci fy 
4 .  Rel i gi ous. Preference : 
a .  Jewi sh 
b .  Monnon 
c .  Seventh Day Adventi s t  
d .  Protes tant 
e .  Catho l i c  
f .  Eas tern Orthodox 
g .  Other , p l ease speci fy 
h .  n o  re l i g i ous  preference 
5 .  Di d you take a vi tami n/mi nera l  suppl ement today? 
a .  yes 
b .  no 
I f  yes , what brand ( s ) ?  ----------------
6 .  How often do you take a vi tami n/m i nera l supp l ement?  
a .  never 
b .  l es s  often than once a mon th 
c .  once o r  twi ce a month 
d .  once or twi ce a week 
e .  a l most every day 
f .  every day 
7 .  How much cho i ce di d you have i n  se l ecti ng your food today? 
a .  No choi ces , a 1 1  my food was served ta, me 
b .  No cho i ces for meal s ,  bu t some cho i ces for s nacks . 
c .  L imi ted cho i ce for mea l s ,  many cho i ces for s nacks . 
d .  Comp l ete choi ce for some mea l s ,  l i mi ted cho i ce fo r 
other mea l s ,  many cho i ces for snacks . 
e .  Comp l ete cho i ce of a l l food ea ten today . 
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8 .  O n  the average , how many snacks per day do you eat? 
a. O 
b .  1 
c .  2 
d .  3 
e .  4 
f.  5 or more , ( speci fy number )  -----------
9 . Have you been emp l oyed i n  a pay i ng job thi s schoo l year? 
a. yes 
b. no 
IF YOU ARE EMPLOYED AT THE PRESENT TIME ANSWER THE NEXT 1 5  QUESTlnNS . I F  
NOT EMPLOYED GO TO QUESTION NUMBER � 
1 0 .  Where do you work? ( name ) -----------------
1 1 . How l ong have you worked at th i s  job? 
a .  l es s  than  1 month 
b .  1 mon th - 4 months 
c .  5 months - 8 months 
d .  9 months - 1 2  months  
e .  more than  1 year 
1 2 . What type of work do you do ? 
a .  food servi ce ( such as cafeteri a ,  res taurant , hosp i ta l  
ki tchen ) 
b .  factory ( i ndus tri a l , manufacturer ) 
c .  sal es· ( such as c l erk , cash i e r ,  sa l es person ) 
d .  se l f-emp l oyed ( such as babys i tti ng , handyperson , l awn­
mowi ng ) 
e .  other ( speci fy )  _______________ _ 
1 3 .  I f  you are work i ng i n  a food serv i ce ,  wh i ch type i s  i t?. 
a .  cafeteri a 
b .  fas t food res taurant 
c .  fu l l -serv i ce restaura nt (wai tres s served ) 
d .  i n st i tuti ona l ki tchen ( hosp i ta l , schoo l , nurs i ng home , etc . ) 
e .  other ( descri be ) _______________ _ 
1 4 .  What is your hourly rate of pay , i nc l ud i ng t i p s ?  
a .  1 ess than  S3 . 1 0  
b .  S3 . 1 0  - SJ . SO 
c .  S3 . Sl - S4 . 00 
d .  S4 . 0 1 - S4. 50 
e .  more than S4 . 50 
f .  on  s a l ary ( not pa i d  by the hour ) 
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1 5 . How much di d you spend on food l as t  week  from your own earn i ng s ?  
a .  l es s  than $1 . 00 
b .  between $1 . 00 and S4 . 99 
c .  be.tween SS . 00 and 59 . 99 
d. between 5 1 0 . 00 and $20 . 00 
e .  $20 . 00 or more 
1 6 . How many days per week do you usua l ly  work ? 
a .  1 day or l es s  
b .  2 .. 3 days 
c .  4 .. 5 days 
d. 6 - 7 days 
1 7 .  How many hours d i d  you work l as t  week  (mo s t  recent 7 days i nc l ud i ng 
today } ?  
a .  l es s  than 5 hours 
b .  5 .. 1 0  hours 
c .  1 1  .. 20 hours 
d .  21 - 30 hours 
e .  3 1  hours o r  more 
1 8 . What  days d i d you work l as t  week (mo s t  recent 7 days i nc l ud i ng today ) ?  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thurs day 
f .  Fri day 
g .  Saturday 
h .  Sunday 
1 9 . Do you nonr1a l ly  work on schoo l days {Monday thru Fri day } ?  
a .  yes 
b .  no 
20 . How many hours do you nonr1a l ly  work on a schoo l day? 
a .  1 - 2 hours 
b .  3 - 4 hours 
c .  5 - 6 hours 
d .  7 - 8 hours 
21 . How many weekdays (Mon . - Fri . )  l as t  week di d your work hours i nc l ude 
the supper hours ( 5 : 00 - 7 : 00 p . m . } ?  
a .  0 
b .  l 
c .  2 
d .  3 
e .  4 
f .  5 
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22 . How many weekend �ays l ast week di d your work hours supper  hours {5:0 - 7 : 00 p .m . ) ?  
a .  0 
b .  1 
c .  2 
i ncl ude the 
23 . How many days l as t  week di d you eat at work? 
a. 0 
b .  1 
c .  2 
d .  3 
e .  4 
f .  5 
g .  6 
h .  7 
24 . I f  you eat at  work , what foods do you usual ly eat? C i rcl e as many 
as apply. I f  not go on to next quest ion . 
a .  snack s  from vendi ng mac�i ne ( crackers , candy , soft dri n ks } 
b .  mea l  from vendi ng mach i ne ( sa ndwi ches , mi l k }  
c .  food prepared where you work 
d .  food brought from home 
e .  food bough t a t  nearby store 
f .  food bought a t  nearby restaurant 
g. other ,  p l ease s pec i fy _____________ _ 
25 . Have you parti ci p ated i n  any extracurri cu l ar schoo l acti vi ti as th i s 
schoo l year? 
a. yes 
b .  no 
I F  YOU ARE PRESENTLY PARTI C I PATI NG IN AN EXTRACURRI CULAR SCHOOL ACT1V ITY 
ANSWER THE NEXT 7 QUESTIONS . I F  NOT GO ON TO QUEST ION NUMBER 33 . 
26 . I n  wh i ch of the fo l l owi ng acti v i ti es are you presently parti c i pati ng? 
C i rcl e as many as apply . 
a .  sports 
b. schoo l newspaper/yearbook 
c .  mus i c 
d .  s tudent government  
e .  cl ub or organ i zat i on 
f. other ( descri be ) ----------------
27 . I f  you are presently parti ci pati ng i n  sports , how often are your 
acti v i ti es s chedu l ed? I f  not , go on to next ques ti on . 
a .  more than 5 days per week 
b .  4 o r  5 days per week 
c .  2 or 3 days per week 
d .  1 day per week 
e .  1 day every two weeks 
f. 1 day per month 
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28 . I f  you are present ly  parti ci pati ng i n  mus i c  acti v i ti es at schoo l , 
how often are your acti vi t ies schedu l e�f not , go on to next 
questi on . 
a .  more than  5 days per week 
b .  4 o r  5 days per week 
c .  2 or  3 days per week 
d. 1 day per week 
e .  1 day every two weeks 
f. 1 day per month 
29 . I f  you are present ly  parti c i pat i ng i n  the schoo l newspaper/yearbook , 
�, student governmen t  2!. other acti v i ty ,  how often are you r acti ­
v i ti es schedu l ed ?  I f  not , go on to next quest ion . 
a .  more than 5 days per week 
b. 4 or 5 days per week 
c .  2 or  3 days per week 
d. 1 day per week 
e .  1 day every two weeks 
f. 1 day per month 
30 . How many hours di d you spend tota l i n  ex tracurri cu l ar acti vi ti es 
outs i de of schoo l time l ast  week (most  recen t 7 days ; i nc l ud i ng today ) ?  
32 . 
33 . 
a .  l ess than 5 hours 
b. 5 - 1 0  hours 
c .  1 1  - 20 hours 
d. 21 - 30 hours 
e .  3 0  hours o r  more 
How many weekdays l as t  week di d your extracurri cu l ar schoo l acti vi ty 
hours i ncl ude the supper hours ( 5 : 00 - 7 : 00 p .m . ) ?  
a .  o 
b .  1 
c .  2 
d .  3 
e .  4 
f .  5 
How many weekend diya l as t  week di d your extracurri cu l a r schoo l acti v i ty hours 1 nc u e the supper hours ( 5 : 00 - 7 : 00 p . m . ) ?  
a .  a 
b .  1 
c .  2 
Have you parti ci pated i n  any regu l a rl y schedu l ed corrmuni ty or church 
acti v i ti es ( besi des Sunday Worshi p. Servi ce )  th i s  schoo l year? 
a. yes 
b .  no 
IF YOU ARE PRESENTLY PART IC I PATING IN ANY REGULARLY SCHEDULED COMMUN ITY OR 
CHURCH ACTIV IT IES ( bes ides Sunday morni ng worshi p serv i ce )  ANSWER THE NEXT 
4 QUESTIONS . I F  NOT GO TO QUESTION NUMBER 38 . 
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34 . I n  what type of corrmuni ty or church acti v i ty do you parti ci pate? 
Ci rc 1 e  ll many !!_ �. 
a .  hospi ta l vo l un teer work 
b .  church youth group organ i zati on ( i ncl udi ng choi r ,  mus i c 
or sports group )  
c .  corrmuni ty vol unteer work ( i nc l udi ng fund ra i s i ng )  
d .  nati onal youth organi zati o n  ( such as Scouts or 4-H ) 
e .  l oca l youth organi zati on ( such as Teen Board ) 
f .  other ( descri be )  
3 5 .  How many hours di d you spend i n  corm1uni ty o r  church acti v i ti es l ast 
week (most  recent 7 days ; i nc l udi ng today ) ?  
a .  l ess than 5 hours 
b .  5 - 1 0  hours 
c .  1 1  - 20 hours 
d .  21 - 30 hours 
e .  31 hours or more 
36 . How many weekdays l as t  wee k  d id  your corrmuni ty and/or chu rch acti v i ty 
hours i nc l ude the supper hours ( 5 : 00 - 7 : 00 p .m . ) ?  
37 . 
a .  O 
b .  1 
c .  2 
d .  3 
e .  4 
f .  5 
How many weekend d;ys l ast  week di d your conmun i ty and/or church acti vi ty hours i nc ude the supper hours ( 5 : 00 - 7 : 00 p . m . ) ?  
a .  O 
b .  1 
c .  2 
Even i ng Meal  Pa tterns  
38 . Do you usua l ly  have a regul arly schedu l ed mea l wi th other members cf  
your househo l d  in  the eveni ng? 
a .  yes 
b. no 
39 . Ci rc l e  the days l as t  week that your eveni ng mea l was ea ten away from 
home (away from other fami ly members ) .  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thursday 
f .  Fri day 
g .  Sa tu rday 
h . Su nday 
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40 . Ci rcl e the days l as t  week that  your eveni ng mea l  was ea ten away from 
home (wi th one or  more other fami ly members ) .  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thursday 
f .  Fri day 
g .  Saturday 
h .  Sunday 
41 . When eati ng away from home - to wh i ch type of eati ng estab l i s hment do 
you go � often ? 
a .  Fas t  food - Hamburger/Fi sh  
b .  Pi zza Parl or 
c .  Cafeteri a 
d .  Ful l Servi ce Res taurant-Moderate pri ce , i . e .  SJ - 5/person 
e .  Ful l  Servi ce Res taurant-Hi gh pri ce , i . e .  $5/person or more 
42 . Who prepares mos t  of the even i ng mea l s  that you ea t at  home? 
a .  mother 
b. father 
c .  brother or s i s ter 
d. you rse l f  
e .  other ( speci fy ) 
43 . I s  the person who prepares most  of  the eveni ng mea l s emp l oyed out-
s i de the home? 
a .  not empl oyed 
b. part-time 
c .  fu l l - ti me 
44 . How many days di d you hel p prepare the even i ng meal l as t  week ? 
a .  0 
b .  l 
c .  2 
d .  3 
e .  4 
f. 5 
g . 6 
h .  7 
45 . How many times di d you ski p eati ng supper l as t  week?  
a .  0 
b .  1 
c .  2 
d .  3 
e .  4 
f .  5 
g .  6 
h .  7 
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46 . C i rcl e the days l as t  week that al l fami ly  members ( those present ly 
l i vi ng at  home ; i nc l udi ng yourse l f )  ate a t  the even 1 ng meal together . 
Ci rcle no days 1t  even i ng mea l s  were not eaten together l as t  week .  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thursday 
f .  Fri day 
g .  Saturday 
h .  Sunday 
47 . C i rcl e the days l as t  week  that you ate the even i n g  mea l  by yourse l f 
at  home . Ci rcl e no days i f  even i ng mea l s  were eaten  wi th others at  
home l as t  week . 
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thu rs day 
f .  Fri day 
g .  Saturday 
h .  Sunday 
Fam i ly Characteri s ti cs 
48 . How many persons  l i ve i n  your househo l d ,  i nc l udi ng yourse l f? 
a .  1 
b .  2 
c .  3 
d .  4 
e .  5 or more ( spec1 fy number }  
49 . How many ch i l dren and teenagers ( 20 years or younger )  are l i v i ng i n  
your  househo l d ,  i nc l udi ng yourse l f? 
a.  1 
b .  2 
c .  3 
d .  4 
e .  5 o r  more ( spec i fy number )  ------------
50 . How many adu l ts ( 21 or o l der ) are present ly  l i vi ng i n  your  hou seho l d? 
a .  1 
b .  2 
c .  3 
d .  4 
e .  more than  4 (speci fy number )  -----------
51 . What ; s  your fami ly  ; ncome? 
a .  l es s  than $ 1 0 , 000 per year 
b .  between  $ 1 0 , 000 and $25 ,000 per year 
c .  more than 525 , 000 per year 
d. I don ' t  know 
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52 . What food suppl ements does your fami ly  rece i ve? Ci rcl e a l l tha t �. 
a .  food stamps 
b .  free or reduced l unches at school  
c .  Women , I nfants and Chi l dren ( W I C )  supp l ements 
d .  other ( speci fy )  
e .  No supp l ements ---
-------------
53.  Does your father ,  s tepfather or  a ma l e  guardi an l i ve i n  the same 
househol d i n  whi ch you l i ve? 
a.  yes 
b .  no 
If yes , answer the next three ques ti ons . 
I f  no , go to quest ion 57 . 
54 . How many hours does your fa ther (or stepfather , or ma l e  guard i a n )  
work per week? I f  not empl oyed go  to ques tion number 57 . 
a .  l ess than 1 0  hours 
b .  1 0  - 1 9  hours 
c. 20 - 29 hours 
d .  30 - 39 hours 
e .  40 hours o r  more 
55 . Whi ch ti me of day are your  fa ther ' s  ( or s tepfather ' s ,  or mal e guardi an ' s )  
hours schedu l ed?  
a .  morni ng hours on l y  
b .  morni ng and afternoon hours 
c. afternoon and eveni ng hours 
d .  even i ng hours 
e .  n i ght hours { after 1 1 : 00 p .m .  and  before 7 a . m . ) 
56 . Ci rc l e the days l ast  week that your fa ther (or stepfather or ma l e  
guardi an ) worked(mos t recent 7 days ; i nc l udi ng today ) .  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thursday 
f .  Fri day 
g .  Sa turday 
h .  Sunday 
57 . I f  you are presently l i v i ng wi th 2!. rece i v i ng f�nanci al support from 
your father ,  s tepfather or mare-guardian , wha t 1 s  h 1 s  educat i on l evel ? 
I f  not go to questi on number 59 . 
a .  l ess  than h i gh  schoo l 
b .  h i gh schoo l graduate 
c .  vocati ona l schoo l graduate 
d .  some co l l ege , bu t no  degrge 
e .  Bache l or o f  Sc i ence ; Bache l or of Arts 
f .  Master o f  Sc i ence , Mas ter of  Arts , Mas ter o f  Fi ne Arts 
g .  Doctorate ( M . O . , Ph . D . , Ed . O . , D . DS . ,  J . D . , L . L . B . )  
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58 . �hat i s  h i s present occupati on? ---------------
59 . Does your mother ,  stepmother or a fema l e  guardi an l i ve i n  the same 
househo l d  i n  wh i ch you l i ve? 
a. yes 
b. no 
I f  yes 1 answer next th ree quest i ons . 
I f  no , go to ques tion number 63 . 
60 . How many hours does your mother (or  stepmother or fema l e  guard i a n )  work 
outs i de the home per week? If not emp l oyed go to ques ti on number 63 . 
a .  l ess  than 1 0  hours 
b. 1 0  - 1 9  hours 
c .  20 - 29  hours 
d .  30 - 3 9  hours 
e .  40 hours or more 
61 . Whi ch ti me of day are your mother ' s  (or stepmother ' s  or fema l e  guardi an ' s )  
62 .  
63 . 
hou rs schedu l ed? Ci rc l e  !!. many !!. !E.E..!l.· 
a .  morn i ng hours only 
b . · morn i ng and afternoon hours 
c .  afternoon and even i ng hours 
d .  eveni ng hours 
e .  ni ght hours ( after 1 1 : 00 p . m .  and before 7 a .m . ) 
C i rcl e the days l ast  week tha t your mother {or stepmother or fema l e  
guard i a n )  worked {most recent 7 days ; i ncl ude trday ) .  
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thu rsday 
f .  Fri day 
g .  Saturday 
h .  Su nday 
I f  you are presently l i vi ng wi th Q.!:. recei v i ng fi nanc i a l  s upport from 
your mother,  stepmother or female guard 1 an 1 what 1 s  ner educa ti ona l 
l eve l ? If  not 1 go to page 1 1 . 
a .  l ess than h i gh schoo l 
b .  h i gh school graduate 
c .  vocati onal school graduate 
d .  some col l ege 1 but  no  degree 
e .  Bachel or o f  Sci ence ; Bachel or o f  Arts 
f .  Master of Sci ence , Master of Arts , Master of Fi ne Arts 
g .  Doctorate ( M . O . , Ph . D . , Ed . D . , D . D . S . , J . D . , L . L . B . ) 
64 . ',,Sha t i s  her present occupa ti on? ---------------
90 
I F  YOU ARE PRESENTLY MARR I ED AND L I V I NG W ITH SPOUSE ANSWER THE NEXT 5 
QUEsiTON°s." IF NOi' THIS IS THtEND OF THEQLIESTIONNA I RE .  
65 . What  i s  your spouse ' s  educati ona l l evel ? 
a .  l es s  than h i gh schoo l 
b .  hi gh schoo l graduate 
c .  vocati ona l schoo l graduate 
d .  some co l l ege , but no degree 
e .  Bache l or o f  Sci ence ; Bache l or of Arts 
f. Master  of Sci ence , Ma ster of Arts . Mas ter of Fi ne Arts 
g. Doctorate { M . D . , Ph . D . , Ed . D . , D . D . S . , J . D . , L . L . B . ) 
66 . Wha t  i s  your spouse ' s  present occupati on? ----------
67.  How many hours does your spouse work per week? If  not emp l oyed go 
on to Part I I  of questi onnai re . 
a .  l es s  than 1 0  hours 
b .  1 0  - 1 9  hours 
c .  20 - 29 hours 
d .  30 - 39 hours 
e .  40 hours or more 
68 . Whi ch time of day are your spouse ' s  hours schedu l ed ?  Ci rc l e !!. 
69 .  
many !!_ �. 
a .  morni ng hours on l y  
b .  morni ng and afternoon hours 
c. afternoon and eveni ng hours 
d. even i ng hours 
e .  n ight hours {after - 1 : 00 p . m .  and before 7 a .M . ) 
Ci rcl e the days l as t  week tha t your spouse worked (most recent 7 days : 
i ncl ude today ) . 
a .  no days 
b .  Monday 
c .  Tuesday 
d .  Wednesday 
e .  Thursday 
f .  Fri day 
g . Saturday 
h . Sunday 
THANK YOU ! 
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. APPENDIX I I I  1 
INPUT TIME$ 1 REGION 4 ID 5 - 7  SEX 8 AGE 9 - 10 F l  1 1 - 13 SFl 14 - 17 2 F2 
18 -20 SF2 
2 1 - 24 2 F3 25 -27  SF3 28 - 3 1  2 F4 3 2 - 34 SF4 35 - 38 2 F5 39 -4 1  SF5 42 -45 2 
F6 46 -48 SF6 49 -52 · 2 F7 53 -55 SF7 56 -59  2 F8 60-62  SF8 63 -66  2 
F9 67 -69 SF9 70- 73 2 FlO  74-76  SF lO 7 7 - 80 2 ;  
IF TIME= ' 6 '  THEN TIME= ' X ' ; 
IF TIME= ' 8 '  OR TIME= ' 9 '  THEN TIME= ' Y ' ; 
IF TIME= ' 2 '  THEN TIME= ' Z ' ; 
F=F l ; SF=SFl ;  OUTPUT ; 
F=F2 ; SF=SF2 ; OUTPUT ; 
F=F3 ; SF=SF3 ; OUTPUT ; 
F=F4 ; SF=SF4 ; OUTPUT ; 
F=FS ; SF=SF5 ; OUTPUT ; 
F=F6 ; SF=SF6 ; OUTPUT ; 
F=F7 ; SF=SF7 ; OUTPUT ; 
F=FB ; SF=SFB ; OUTPUT ; 
F=F9 ; SF=SF9 ; OUTPUT ; 
F=FlO ; SF=SFlO ; OUTPUT ; 
CARDS ; 
PROC SORT ; BY F ;  
. DATA T ;  SET VALUES . GOOD ; PROC SORT ; B Y  F ;  
DATA M ;  MERGE P T ; B Y  F ;  
I F  FE= .  THEN FE=O ; 
IF SF= . OR SF=O THEN DELETE ; 
IF ASA= . THEN ASA=O ; 
FPRO=PRO'"'SF ; 
FCAL=CAL'l'rSF ; 
FWT=�'rSF ; 
FFE=FE,'rSF ; 
FASA=ASA*SF ; 
IF F=807 THEN TEA=SF ; 
KEEP ID WT SEX TIME SF AGE F FE ASA TEA FWT FFE FASA FPRO FCAL ; 
DATA H ;  SET M ;  
I F  145<=F<=222 THEN FHFE=FFE*0 . 40 ;  
I F  145<=F<=222  THEN FNHFE=FFE - FHFE ; 
IF 145<=F<=222 THEN MWT=FWT ; 
PROC SORT ; BY ID SEX TIME F ;  
DATA NM ; SET M ;  
I F  F LE 144 OR F GE 223 ; 
FNHFENM=FFE ; 
PROC SORT ; BY ID SEX TIME F ;  
DATA MNM ; MERGE NM H ;  BY ID SEX TIME F ;  
I F  FNHFE= . THEN FNHFE=O ; 
IF FNHFENM= . THEN FNHFENM=O ; 
FNHFET=FNHFE+FNHFENM ; 
PROC SORT ; BY ID SEX TIME ; 
PROC MEANS NOPRINT; BY ID SEX TIME ; 
VAR MWT FASA FFE FHFE FNHFET FWT TEA FPRO FCAL ; 
OUTPUT OUT= TIMETOT SUM= TMWT TASA TFE THFE TNHFET TFWT 11'EA 
9 2  
TFPRO TFCAL ; 
DATA TIMETOT ; SET TIMETOT ; 
IF THFE= . THEN THFE=O ; 
IF TMWT= . THEN TMWT=O ; 
EF=TASA + TMWT; 
IF EF LT 75 THEN BNHFE=(3 + 8 . 9 3,'tLQG ( (EF + 100 ) / 100 ) ) / 100 ; 
IF EF GE 75 THEN BNHFE=0 . 08 ;  
ANHFE=BNHFE*TNHFET ; 
AHFE= . 2 3,':THFE ; 
AFET=ANHFE + AHFE ; 
AB=(AFET/TFE )* lOO ; 
IF AB= . THEN BNHFE= . ;  
PROC MEANS NOPRINT ; BY ID SEX ; 
VAR TASA TMWT TFE TNHFET THFE ANHFE AFET AHFE EF TTEA TFPRO TFCAL 
AB BNHFE ; 
OUTPUT OUT=DATTOT SUM=TTASA TrMWT TTFE TTNHFET TTHFE TANHFE 
TAFET TAHFE TEF TTEAT TTFPRO TI'FCAL TAB BNHFET ; 
1 F • Food . 
S F = Se rvi ng factor .  
VALUES GOOD = Data base from USDA Handbook No . 7 2  ( 35 ) . 
FE = I ron . 
ASA = Ascorbi c aci d .  
PRO = Prote i n .  
CAL = Ki l oca l ori ei.  
WT = We i ght of food . 
MWT = We i ght of meat , fi sh , pou l try . 
HFE = Heme i ron . 
NHFE = Nonheme i ron . 
NHFENM = Nonheme i ron of meat , fi sh , pou l try . 
NHFET = Tota l nonheme i ron . 
EF = Enhanc i ng factors . 
BNHFE = Bi oava i l a bl e nonheme i ron . 
ANHFE = Absorbabl e nonheme i ron . 
AHFE = Absorbabl e heme i ron . 
AFET = Absorbabl e tota l i ron . 
AB = B i oa vai l a bl e tota l i ron . 
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